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The major purpose of this study was to determine the effects of mathematic manipulatives
on student achievement in high school Algebra I. A second hypothesis was also studied to see if
students attitudes towards mathematics improved with the use of manipulative materials.
The control group (N=51), was instmcted through the use of mathematics textbooks
(traditional) for sixteen weeks (1st. semester); the experimental group (N=47), was instructed
using mathematic manipulatives. Two teachers implemented this study. Each teacher taught an
experimental group and a control group.
The large urban high school system, End-of -Semester Standardize Test for Algebra I
measured mathematic achievement (pretest/posttest). The QUASAR Students Disposition
Instrument measured growth in students attitudes, beliefs, and disposition about mathematics
and math class (pre/post). The Comparative Experimental Approach Method and the Dick and
Carey’s (1985) systematic approach model to instructional design were used.
A one way analysis of variance was used to test both hypotheses. The .05 level of
confidence was used. The results of the study indicated that using manipulatives materials for
mathematic instruction was no more effective than teaching mathematics with the use of a
traditional textbook. The statistical results showed there were no statistically significant difference
on the posttest between the control and the experimental group mean scores. This study
indicated that by using manipulative materials for math instruction was more effective in changing
students attitudes, beliefs and dispositions toward mathematics than teaching with the use of a
tradrtional textbook. Mathematics manipulatives increased students motivation; developed
positive attitudes; created excitement about the learning of mathematics; and reduced
mathematics anxiety.
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Algebra is a necessity in solving technological problems in today’s
computer space age society. It is also “the language which most of mathematics
is communicated” (Curriculum, 1989, p. 150). Algebra is the prerequisite for
probability, statistics, measurement, geometry, calculus and data analysis. The
National Assessment of Educational Progress (NAEP, 1990) states that the
mathematical skills of our nation’s children are generally insufficient to cope
with either on-the-job demands for problem solving or college expectations for
mathematical literacy. Fewer than half the high-school seniors (46%)
demonstrated a consistent grasp of decimals, percent, fractions, and simple
algebra, and only 5% showed an understanding of geometry and algebra that
suggested preparedness for the study of relatively advanced mathematics
(NAEP, 1990).
Additionally, there is a gap between American students mathematical
achievement and that of students in other countries. Japanese students, and
Soviet students out perform Americans mathematically and scientifically,
because their countries math is a national priority. The College Board has
established its priority by developing a six-year national education reform
project entitled “EQUITY 2000”. “EQUITY 2000” ensures that all students take
the “gatekeeper” courses of algebra ...” (Stewart, 1991, p. 1). EQUITY 2000
enables us to see that Algebra is pivotal in math achievement in todays
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mathematical curriculum. This lack of achievement directs the American
Teacher to implement a variety of strategies and techniques for solving
mathematical problems. One of many teaching strategies and techniques,
which appears to offer great promise, is the use of math manipulatives. “The
Curriculum and Evaluation Standards for School Mathematics, published by
National Council of Teachers of Mathematics and Everybody Counts: a Report
to the Nation on the Future of Mathematics Education published by the National
Research Council both support the use of manipulatives in the mathematics
classroom grades K-12” (Stokes, 1993, p. 1). In 1980, An Agenda for Action
(NCTM 1980,12) continued this call for the use of manipulatives:
“Teachers should use diverse instructional strategies, materials, and
resources, such as... the use of manipulatives, where suited, to illustrate or
develop a concept or skill “ (Worth, 1986, p. 2).
The study of mathematics should include opportunities so that students
can model situations using oral, concrete, pictorial, graphical, and algebraic
methods (NCTM, 1989).
Purpose of the Study
The purpose of the research is to explore the effects of math
manipulatives on student achievement in high school algebra I; and the effects
of students attitudes towards mathematics with the use of manipulative materials
in mathematics instruction.
statement of the Problem
Is there a significant difference in Algebra I achievement of students
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taught using manipulatives than the Algebra I achievement of students taught
without using manipulatives?
Because of the critical nature of students’ achievement in mathematics,
particularly in Algebra, and limited success in teaching algebra: this study will
investigate the effects of a “hands-on” approach to improving math
achievement. This method will focus on Algebra I taught with or with out the use
of manipulatives; in order for the teacher to improve student math achievement.
This method is called the manipulative approach to algebra.
Background of the Problem
According to The National Council of Teachers of Mathematics (NCTM)
our current mathematics curriculums suffers from both a design flaw and a
quality control problem. We can no longer afford the teacher time, student time
and economic disadvantages of overteaching on low-level arithmetic and
computational skills. So, therefore, we must expand teaching and learning in
mathematics to include areas such as probability, statistic, measurements,
geometry and data analysis (Nielsen, 1992).
“In 1983, the report “A Nation at Risk”, awoke a sleeping nation to the
alarming problems in our educational system. Since then, dozens of reports
have analyzed virtually every aspect of this enormous problem. Some call for
changes in curriculum, others for changes in the structure of schools; some cite
deficiencies in the way teachers are educated, while others examine signs of
decay in the social and economic structures of society” (National Research
Council (NRC), 1989, pp. 2-3). Students poor performance goes as far back to
the launching of Russia’s Sputnik I (October, 1957) which amazed the world
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and shocked the United States as we waste teacher time teaching basic skills.
Robert M. White states ‘the national spotlight is turning on mathematics as we
appreciate it’s central role in the economic growth of this country. ... It must
become a pump instead of a fiiter in the pipeiine" (NRC, 1989, p. 6) Figure 1
Mathematics Pipeiine shows data from enroliments in mathematics courses




1972 1976 1980 1984 1988
Figure 1. Mathematics Pipeline
Currentiy there is stili great concern about the poor performance of our
students in math because the problem is so severe and has been in existence
for many years . Research shows that most students cannot iearn mathematics
effectively by listening and imitating; teachers teach as they were taught, not as
they were taught to teach (Nationai Research Council, 1989). Jerome Bruner,
Zolton Dienes, Robert Gagne, Jean Piaget, and Richard Skemp have
investigated the ways children learn mathematics. These psychoiogists suggest
the foiiowing statements as the rationale for using manipulatives materials in
mathematics.
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“1. Concepts formation is the essences of learning mathematics
2. Learning is based on experiences.
3. Sensory learning is the foundation of all experiences and thus the
heart of learning.
4. Learning is a growth process and is developmental in nature.
5. Learning is characterized by distinct, developmental stages.
6. Learning is enhanced by motivation.
7. Learning proceeds from the concrete to the abstract
8. Learning requires active participation by the learner.
9. Formulation of a mathematical abstraction is a long process (Reys,
1971, p. 552)
Also, Gilbert & Bush in 1986 and Skemp in 1971 believed students should be
taught mathematics through the experience of manipulatives.
NULL HYPOTHESIS
Hq: There will be no statistically significant difference between the
mean Algebra test score of students taught with manipulatives and students
taught without manipulatives.
DEFINITION OF TERMS
Problem. “A situation in which the student cannot apply a routine,
automatic procedure to get an immediate answer” (Egan, 1990, p. 4).
Algebra. “is the branch of mathematics in which letters are used to
represent numbers following the rules of arithmetic” (Step-by-step, 1991, p.20).
Manipulative Materials, are objects or things that the pupil is “able to
feel, touch, handle, and move. They may be real objects which have social
application in our everyday affairs, or they may be objects which are used to
represent an idea” (Grossnickle, Junge, and Metzner 1951, p. 162).
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Problem Solving "A process ... the means by which an individual
uses previous acquired knowledge, skills, and understanding to satisfy the
demands of an unfamiliar situation" (Egan, 1990, p.5)
Math Achievement A Large Urban School System End-of-Semester
Standardize Test for Algebra I part 1 used to show math achievement at the end
of the first semester (pretest/posttest). The results of the pretest / posttest were
compared.
Attitude Test “The QUASAR Students Disposition Instrument (QSDI)
was used to show students attitudes, beliefs, and dispositions about
mathematics and math class" (QSDI, 1992-93); at the end of the first semester
(pre-questionnaire/post-questionnaire). The results of the pre¬
questionnaire/post-questionnaire were compared.
DELIMITATIONS
This study was limited to inner city high school students attending the
same large urban school system.
The experimental group was limited to two algebra classes using math
manipulatives and text book for instruction in the classrooms.
The controled group was limited to two algebra classes who did not use
math manipulatives in the classrooms.
This study did not take into account teachers attitudes toward teaching
mathematics.
LIMITATIONS
The number of students changed during the semester.
The study did not attempt to identify factors that might affect student’s
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performance on the achievement test other than the use of math manipulatives
for students mathematics achievement.
The Algebra course was standardized.
The short-term use of manipulative materials (six-teen weeks).
RESEARCH QUESTION
1. What were students attitudes towads mathematics when using
matnipulatives?
Significance of the Study
The significance of this study lies in it’s potential for exploring and
validating the effectiveness of a major instructional practice with the use of
manipulatives on student performance in Algebra. This study will also add to
other studies looking at techniques and strategies for improving the teaching of
Algebra.
Summary
Algebra is a necessity in solving technology problems in today’s
computer space-age society. It is also ‘Ihe language which most of
mathematics is communicated” (Curriculum, 1989, p. 150). Algebra is the
prerequisite for probability, statistic, measurements, geometry and data
analyses. As we have discovered earlier, not only does the Japanese student,
and the Soviet student out perform us mathematically, but also in the
mathematical area of Algebra. The NRC perspective is that “mathematics must
become a pump rather than a filter in the pipeline of American education" (NRC,
1989, p.7) in order to improve students achievement in mathematics. Theorist,
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researchers, and teachers have determined that curriculum, education of
teachers, and the social and economic structures of today’s society may
attribute to the problem of the American students poor performance in
mathematics. Now they must develop new techniques, new strategies and new
methods for teaching mathematics curriculum that will assist in excelling our
students math achievement. These new techniques and strategies that include
the use of manipulatives will allow teachers to create situations that draw
mathematical responses from children. Such situations result “in improvement,
motivation, involvement, understanding, and achievement. Which Herbert
(1985, 4) says gives overwhelming reasons why we should believe
manipulatives are good mathematics “ (Kennedy, 1986, p.6).
CHAPTER 2
REVIEW OF THE RELATED LITERATURE
INTRODUCTION TO REVIEW OF LITERATURE
There have been numerous research studies in the general area of using
manipulatives to teach mathematics in elementary classrooms. But little
research has been conducted on the use of manipulatives in teaching algebra
in the secondary classrooms. The purpose of this review is to report theories
and research on math teaching, and learning with the use of manipulative. The
review is organized thusly: A discussion of math manipulatives, the second
section reports and synthesizes major research studies using mathematics
manipulatives: and the final section discusses student beliefs, attitudes, and
emotions towards mathematics.
A discussion of math manipulative will be divided into the following three
categories: (1) Bridging the Gap between the Concrete and the Abstract: (2)
Manipulatives for Teaching General Math, Algebra and Geometry: (3) The
Teachers Role in Using Manipulatives.
Bridging the Gap
Studies have shown that “Bridging the Gap” helps one formulate the
concrete to make connections with the abstract when using math manipulatives.
Heddens feels that many students have difficulties understanding mathematics
because they are unable to make the connection between the physical world
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and the abstract world. In defining this Gap, Heddens create two stages; the
semi-concrete and the semi-abstract. The semi-concrete level is a
representation of a real situation; pictures of the real items are used rather than
the items themselves. The semi-abstract level involves a symbolic of
representation of concrete items, but the symbols or pictures do not look like the
objects for which they stand. The Gap between concrete and abstract
functioning should be considered as a continuum. Helping children bridge this
Gap is crucial because many children can not cross it with out the teachers’
assistance. Heddens also says learners must internalize new knowledge at the
concrete level and systematically progress along the continuum to arrive at the
abstract representation of that knowledge. He further defines two processes of
interaction between reality and the mind, as accommodation and assimilation
(Heddens,1986). The following Figure 2 is Heddens interpretation of
Underhill’s description of concrete and abstract learning.





1 The Gap i
I I
I I
Concrete Semiconcrete Semiabstract Abstract
level level level level
Heddens’s description
Figure 2. Heddens’s description
“Jencks and Peck (1987) suggest that pictorial representations (e.g.
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sketches of manipulative models to foster the development of mental imagery)
are important to bridge the gap between concrete and abstract
representations”(Baroody, 1989, pp. 4-5). George Bright (1986) continues this
argument by stating that manipuiatives hold the promise for heiping many
students understand mathematics. He further argues that the symbols and the
manipuiatives used in teaching mathematics must always reflect the same
concept.
Teaching with Manipuiatives
Activities involving pictures and objects, textbook illustration modeis on
the overhead projector and drawing as weil as demonstration by teachers and
peers can smooth the transition between concrete and abstract functioning says
Heddens (1986). Dienes, Dewey, and Montessori, agree that you have to piay
with mathematics. These people say that as a result of touching the material
you learn images. These images, are built up one upon the next. From these
images the student can translate concrete facts into symboiic representation
(Antosz 1987).
What are manipulative materials? Manipulative materials are
objectives or things that the pupil is “able to feel, touch, handle, and move.
They may be real objects which have social application in our everyday affairs,
or they may be objects which are used to represent an idea” (Grossnickle,
Junge, and Metzner 1951, p. 162). The manipuiatives may be classified under
the following 11 general categories: Reys (1971,1973); Post and Dienes (1973);
Jackson and Phillips, (1973) all have similar beliefs on categorizing
manipuiatives: (See Appendix A for manipuiatives)
12
A. Colored Rods, Blocks, Beads and Discs (Also includes
pattern blocks and attribute blocks)
B. Manipulative devices for the teaching of counting and
sorting
C. Manipulative devices for the teaching of place value.
D. Manipulative devices for the teaching of mathematical
operations and fractions. (Also include devices for working
with percent and decimals)
E. Number boards and Demonstration boards
F. Cards and Charts
(Includes flash cards, activity cards, mobiles, manipulative
charts, bulletin materials, etc.)
G. Measurement Devices
(Includes tools for linear measurement, materials for measurement
of area and volume, construction devices, e.g. compass, etc.)
H. Model of Geometric Relationship
(Includes plane figures, solid figures, conic section, polyhedra, trig
models, problems dealing with geometric relationship, and some
“make your own" kits)
I. Math Games and Puzzles
J. Calculating machines and computational devices
(includes slide rules, trig devices, tables, hand calculators, desk
calculators, computers)
K. Video and Films.
Manipulatives may also be categories by grade levels. These
manipulatives currently available, are multi-purpose devices and can be used to
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objectify many mathematical concepts. Several of these manipularives are
utilized for a particular concept (Jackson, Phillips, 1973).
A. Colored Rods, Blocks, Beads and Discs
The many different colored beads, blocks and rods that are now
available can be used in a variety of ways to help develop concepts in
numeration, logic and geometry. Children have strung beads to illustrate a
number, stringing five beads on a cord, for example, to illustrate the number
five. Blocks have also been helpful in teaching addition and subtraction. Rods,
too are particularly useful in building trains to illustrate ideas such as the
commutative property of multiplication, of whole numbers, and to develop
multiplication facts. The use of beads, blocks, and rods are almost limitless.
Teachers should not hesitate to use them in situations to develop logical
concepts as well as logical notions of counting (Jackson,Phillips 1973). See
Appendix D for a detail description of manipulatives used in this research study.
B. Manipulative devices for the teaching of counting and
sorting
Before children can use numbers with meaning they must have a firm
understanding about what numbers are and how to name them. Young children
develop a sense of numbering through kinesthetic experience. Objects need to
be matched, sorted, grouped, counted, and compared. Classification
experiences involve making decisions about certain attributes of objects and
sorting them based on classification. Attribute math includes size, color shape,
thickness, texture, function, or any combinations of these. Classification is the
earliest stage of logical thinking and is the foundation for graphing. Preschool
14
and kindergarten children sort objects first by color as it is the most silent
feature and with maturity and experiences, sorting will be done by shape and
size. Classifying is a fundamental task in life and appears across the
curriculum, forming classes and determining relationships need to be
encourage through many activities. Sorting can be done with shapes, dried
pasta, bottle caps, plastic animals, items from nature (shells, seeds, pine cones,
leaves. Nuts), anythingl The material should be varied and interesting. Sorting
should be done using a sorting area with a defined boundary such as a chalked
circle, yarn hoops, or a sort mat (Bitter, Hartfied, Edwards 1989). Also, see
Appendix D for a detail description of manipulatives used for teaching counting
and sorting in this research study.
C. Manipulative devices for the teaching of place value.
The place value system of numeration are base and position, or place
value. Before a child can comprehend place value, he/she needs to have an
understanding of a single or ones unit and also an understanding of base
number. To help him gain this understanding, manipulative devices that
provide visualization are most helpful. Manipulative devices that can be used
to teach place value are numerous: they include different types of abacuses,
place value boards, pocket charts, and sticks or counters which can be sorted
and grouped. (Jackson, Phillips 1973). Kennedy(1986) also agrees with
Jackson and Phillips that the multiple representation of place value occurs
when children use loose and bundle sticks, bean sticks, ten frames, abacuses,
and other place-value material to learn the meaning of the Hindu-Arabic
numeration system (Kennedy 1986). See Appendix D for a detail description of
manipulatives devices used in this study.
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D. Manipulative devices for the teaching of mathematical
operations and fractions.
Also include devices for working with percent and decimals. Fractions
are difficult to understand for several reason. Frequently models are not
explored and used when concepts are developed. Many teachers demonstrate
with pictorial models rather than concrete aids. The study of fractional number
should begin with a variety of modeis and shapes. The NCTM curriculum and
evaluation standards (Commission on Standards for School Mathematics,
1987) specify a de-emphasis on paper-and-pencil computation with fractions.
More time should be spent on creating a number sense for fractions through
estimations with familiar fractions and mental estimation. Early activities with
fractions shouid begin with the whole-part meaning of fractions having the
children divide concrete objects such as a paper, egg cartons, or scored candy
bars providing direct experiences to avoid such misconceptions as wanting the
“biggest half” (Bitter, Hartfied, Edwards 1989).
E. Number boards and Demonstration boards
Teachers have found various forms of number boards and demonstration
boards effective for representation of abstract mathematical ideas.
Demonstration boards most familiar to the elementary or the flannel board and
the magnet board. Although the flannel board is perhaps the most widely used,
advocates prefer the use of the magnet board because of its durability and
workmanship quaiities (Jackson and Phillips, 1973). Also, see Appendix D for
a deltail description of number boards used in this study.
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F. Cards and Charts
Includes flash cards, activity cards, mobiles, manipulative
charts, bulletin materials, etc. Cards and charts for teaching mathematics have
retained their popularity through the years. Many teachers feel that the use of
cards and charts as two’dimensional representation of the physical world
serves as a bridge between the concrete and the abstract. Drill or flash cards
remain popular devices for promoting memorization of basic facts. Two other
important uses of charts are patterns analysis and enrichment (Jackson, Phillips
1973).
G. Measurement Devices
Geometry and geometric measurements are based on the study of the
physical world, the thoughtful use of manipulatives is imperative (Douglass,
Battista 1986). Measurement devices includes tools for linear measurement,
materials for measurement of area and volume, construction devices, e.g.
compass, etc. Copeland (1972) states that the word geometry is derived for the
Latin geo metric (earth measure). In its beginning in Egypt and Babylonian,
geometry was essential the mathematics associated with such practical
problems as measuring fields, dikes, and pyramids.
Man’s early attempts at measurement involved, the use of his own
hands, out stretched arms, height and feet as units of measure. These
measures differed between people and therefore, were non-standard. All
persons had there own method of measuring. In 6000 B.C., stones, feet, arms,
and hands are the first known standards of measurement (Bitter, Hartfield,
Edwards 1989). The Babylonians used selected stones to measure weight
(Copeland 1972). See Appendix B Figure 4 for “The Ancients literally
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measurement b "rule of thumb” (Copeland 1972, p.223).
Todays measurement is used in many ways in our lives and is vital for
communication. In using manipulatives for measurement, we will emphasize
the measurement units of volume, capacity, length, mass, area, temperature,
time and money.
There are two common measurement systems in the world. The United
States uses the Customary System and some metric while most of the world
uses the metric system exclusively. The Customary System, often thought of as
the English System until England adopted the metric system. The Metric
System is used as a standard measuring system in many industries in the
United States. Since its development by Gabriel Mouton in 1670, the metric
system has been the ideal system to use (Bitter, Hartfield, Edwards 1989). See
Appendix D for manipulatives used in this study.
H. Model of Geometric Relationship
Geometric modeis include the familiar wooden cubes, cones, cylinders,
and sphere and, in addition, many other sophisticated wooden, metal, and
plastic models. (Includes plane figures, solid figures, conic section, polyhedra,
trig models, problems dealing with geometric relationship, and some “make
your own” kits). Some models can be filled with sand or water and used when
studying volume. Flat block can be used to help pupils visualize work with area,
and volume and to make designs (Jackson, Phillips 1973). Burns states,
“Appropriate geometry experiences are useful for developing reasoning
processes which inturn supports the problem-solving skills children need to
understand arithmetic as well as geometric concepts” (Burns 1984,p.79) Jensen
and Spector (1986) suggest activities to involve children in experimenting solids
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and their properties. See Appendix A for a description of other models of
geometric relationships.
I. Math Games and Puzzles
In days gone by, puzzles were reserved for kindergarten and early
primary grades with the exception of there use at other grade levels the day
preceding a holiday as a “something to do” activity. Today, a strong case can
be made for including puzzles as means of attaining desirable outcome of
mathematic instructions (Jackson, Phillips 1973). Krulik (1971) informs us that
the oldest mechanical puzzle is the ancient Chinese tangram puzzle. The name
tangram is a mid-nineteenth century name, coined by some American or British
toy manufacture. It has been said that Napoleon spent much of the time in exile
working on this puzzle. The idea of dissection puzzles has always intrigued
mathematicians. David Hilbert, for example, showed that if two figures of equal
area are dissected in the proper manner, each can be reconstructed in the
shape of the other one (Krulik, 1971).
Games well suited for programs of drill and practice, providing for
individual difference, building desirable attitudes, and encouraging problem
solving. Although commercially prepared games are becoming more and more
popular and their numbers are rapidly increasing, the creative nature of school
teacher and pupils provide sources of ideas for commercial companies. Typical
commercial games can be found in Appendix C (Leonard,Tracy 1993, pp. 499-
505). As shown in Appendix C, every game that is listed meets the least four
NCTM curriculum standards. Also shown is a list of names for card and board
games, place found, their price, and extent to which they meet the thirteen
different mathematical curriculum standard for grades five through eight
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(Leonard,Tracy 1993). Games that include manipulatives may allow students to
apply what they learn to the real world (Kennedy 1986). Incorporation of
cooperative learning during game playing help students reduce their prejudices
by encouraging them to value each other (Conard 1988). Games are highly
motivational to students and can be used effectively to practice specifics skills
(McBride and Lamb 1991). Also, see Appendix D for a deltail description of
math games and puzzles used in this study.
J. Calculating machines and computational devices
Include slide rules, trig devices, tables, hand calculators, desk
calculators, and computers. Computational Devices have been used by man
through out history to increase the speed, accuracy, and efficiency of
mathematical calculation. The Ancients found the abacus to be an effective
device for doing calculations, and has continued to be an effective calculating
device as confirmed by the orient. The Historical significance of the abacus as a
computing device justifies the use of class time for exploration of its use. The
extensive use of the number line in modern mathematics programs has drawn
new attention to such devices as the addition-subtraction Slide Rule and the
Nomograph (Krulik 1971). Pascal, Leibiniz and Babbage are the early names
associated with the digital computer. In 1642, Pascal, designed what appears to
have been the first mechanical computing device (Alberecht ,1973).
K. Video and Film
On videos John Hall gives a likely clear-cut explantation of basic
mathematics using the computer graphics and the unique electronic chalk
board to complement his instruction. Video Tutor tapes supplement school
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math instruction, reinforce concepts and develop new skill. Concepts from
adding like terms to solving quadratic equation concepts are illustrated. See
Appendix A Mathematics manipulatives.
The Teachers Role in Using Manipulatives
Recent research indicates that to promote meaningful learning,
mathematics instruction should begin with experiences that are real to pupils
and proceed to the symbolic level (e. g., Baroody 1987; Davis 1984; Ginsburg
1982) (Baroody 1989). Dossey (1989) cautions teachers not to reduce capable
thinkers to a kind of mathematical robot. Teaching techniques that foster
rotenization lead to ineffective transfer of information (Vobejda 1986). On the
contrary, Baroody feels that using manipulatives does not guarantee meaningful
learning. Manipulatives must be used judiciously and carefully for good results
(Baroody 1989). Teachers must select the appropiate manipulative materials
for the appropiate grade level.
The task of selecting manipulative materials for classroom instruction is
a crucial one whether the decision involves textbooks (NCTM 1982), software
(NCTM), or other teaching aids. Let’s focus on the selection of manipulative
materials. First let us reiterate the definition of manipulatives and the purpose
of manipulatives. Manipulative materials are objectives or things that the pupil
is “able to feel, touch, handle, and move. They may be real objects which have
social application in our everyday affairs, or they may be objects which are used
to represent an idea" (Grossnickle, Junge, and Metzner 1951, p. 162). The
purpose of using manipulatives is to assist students in bridging the gap from
their own concrete environment to the abstract level of mathematics (Fennema
1973).
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Hynes (1986) and Rey (1971) both agree that both pedagogical and
physical criteria should be considered when selecting the manipulatives. The
pedagogical criteria consist of clear representation of mathematical ideas,
appropriateness for students developmental level, students interest, and the
versatility of the manipulative. The pedagogical criteria is important in the
selection of manipulative materials, but the physical characteristic of
manipulatives is also crucial. Physical criteria consists of durability, simplicity,
attractiveness, manageability, and storage requirements, and, of course, the
cost of the materials.
Selecting manipulatives for use in mathematics instruction is an
important responsibility of the teacher. Clearly, the selection process is only the
first step in helping children understand mathematics. To assist in this first step
Table 11 of Appendix E offers a framework for decision in choosing
manipulative materials (Hynes 1986). It is hoped, however that these criteria
will provide teachers with some guidelines for both the selection and the use of
manipulative materials.
“The most common uses of manipulative materials are the following:
1. To vary instructional activities.
2. To provide experiences in actual problem-solving situations.
3. To provide concrete representation of abstract ideas.
4. To provide a basis for analyzing sensory data, so necessary in
concepts formation.
5. To provide an opportunity for students to discover relationships
and formulate generalizations.
6. To provide active participation by pupils.
7. To provide for individual differences.
228.To increase motivation reiated, not to a single mathematics
topic, but to learning in general.
From this list it should be evident that manipulative materials may be
used in a variety of ways" (Reys, 1971, p. 555). Manipulative materials must be
used at the right time and in the right way if they are to be effective. Failure to
select appropriate manipulative materials and failure to use them properly can
destroy their effectiveness. Specific do’s and don’ts for using manipulatives.
1. Do consider pedagogical and physical criteria in selecting
manipulative material.
2. Do construct activities that provide multiple embodiment of the
concept.
3. Do prepare in advance for the activity.
4. Do prepare the pupils ( The type of preparation depends on both the
manipulative materials being used and that age of the pupils).
5. Do prepare the classroom.
6. Do encourage pupils to think for themselves.
7. Do encourage group interaction.
8. Do ask pupils questions.
9. Do allow children to make errors.
10. Do provide follow-up activities.
11. Do evaluate the effectiveness of materials after using them.
12. Do exchange ideas with colleagues.
Now for some teacher don’ts!
1. Don’t use manipulatives materials indiscriminately.
2. Don’t make excessive use of manipulatives materials.
3. Don’t hurry the activity.
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4. Don’t rush from the concrete to the abstract level.
5. Don’t provide all the answers ( Reys 1971).
The Major Research studies using mathematic manipulatives will be
divided into the following major categories: (1) The Learning Theorist Point of
View Using Manipulatives and (2) The Researchers Point of View Using
Manipulatives.
The Learning Theorist Point of View
The learning theorist point of view will assist us with how children learn
mathematics. The theorist will prove techniques and strategies as they relate to
planning remedial and advanced lessons to meet the individual learning needs
of students (visual learner, hands-on learner, kinesthetic learner, and the
auditor learner). The learning theories are divided into the following “Three
Schools of Thought”: The Cognitive School, The Behaviorist School, and The
Information Processing School. Appendix F, Table 12a shows the key points of
the three present schools of thought and some of the learning theories within
each school (Bitter, Hatfield and Edwards, 1989).
The Cognitive Schooi
The Cognitive School is the theory behind the way people think. This
domain of human development is involved with thought processes vital to
perception, communication, memory, and reasoning (Berger, 1983). The first
cognitive theorist we will discuss is Jean Piaget, a Swiss philosopher-
epistemologist. Piaget’s theory is age and stage related, which means that
people go through definite stages at certain age periods in their lives. Each
stage must be completed before a person can attain the next stage. Piaget
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found that the the development of mathematics proceeds through the same
stages in a collective sense. Every stage requires action on the environment
(Bitter, Hatfield and Edwards, 1989). The action on the environment
(intelligence) involves assimilation and accommodation. Assimilation is the
process whereby the individual “fits” new environmental situations into his
existing psychological frameworks, reacting as he has in past situations (Reys,
Post and Dienes, 1973). Assimilation can be depicted diagrammatically as in
Appendix F. Figure 7a represents a child’s conception of the addition of two-
digit numbers. For example, suppose the child has been adding only pairs of
two-digit numbers. He is asked to find the sum of a “new” pair of two-digit
numbers. Appendix F, Figure (7b) although the indivdual has never added
these two particular numbers before, the individual is able to follow procedures
previously established and correctly carry out this exercise. We may say that
the individual has assimilated the “new” numbers into his/her existing cognitive
framework. When existing cognitive structures are incapable of enabling the
individual to “assimilate” a new situation, the individual must “accommodate” to
the new situation by modifying the individual behavior. This modification of
behavior is accomplished through a transformation or evaluation of existing
structures into newer more refined and more sophisticated ones. “Consider
again the example of the child who has been finding some pairs of two-digit
numbers. The individual is able to “assimilate” into his/hers existing structures
for additional exercises of this type. However, when for the first time the
individual is faced with the task of finding the sum of three two digit numbers, the
individual finds him/herself lacking the cognitive structure (schema) by which
the individual can “automatically” carry out the assignment. The individual does
possess schematic which is relevant to the new task. The individual knows for
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example that when two two-digit numbers are added, a new number
representing the sum of the first two is produced. Once this operation is
performed, the individual then is faced with the familiar situation of adding two
two-digit numbers. Note, this is a new task which requires original thought
synthesis. It requires the individual to develop a new structure based on the
ones already in existence, but some what expanded and more sophisticated”
(Reys, Post, Dienes,1973, p.30). As shown in Appendix F, Figures 7 and 8
Piaget declares that assimilation and accommodation are truly complementary
(Reys, Post and Dienes, 1973). Accommodation can be depicted
diagrammatically as in Appendix F, Figures 8 and 7a. “In mathematics, this
means that elementary-age children must learn the operations of addition,
subtraction, multiplication, and division through the use of hands-on material
that allow them to physically examine what is happening when an arithmetic
operation is performed” (Bitter,Hatfield,Edwards, 1989, p.23). The name of each
stage, age and mental structures permitted are in Appendix F, Table 12b (Bitter,
Hatfield and Edwards, 1989).
Another cognitive theorist is Jerome Burner, a Harvard psychologist, who
studied how people select, retain, and transform knowledge. Burner (1966,
1983) believes that learning is an active process which permits people to go
beyond the information given to them to create new possibilities on their own.
In contrast to Piaget, Burner does not feel that learning is age or stage related.
According to Burner, there are three modes of representing reality that occur in
the same order but interact throughout a person’s life. Further description in
given in Appendix F, Table 12c.
When new or additional knowledge is to be learned, people must
progress through one mode to the next for learning to occur. Mathematics
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educators frequently refer to the three modes as concrete, pictorial, and
symbolic. Every mathematics textbook starts with the pictorial, then progress to
the symbolic. In conjunction with Piaget, Skemp, Dienes, Hedden and Schultz
all define the process of learning as assimilations and accommodation (Bitter,
Hatfield and Edwards, 1989).
The Behaviorist School
The Behaviorist School concerns itself with the basic laws of the learning
theory which explore the relationship between one event over an other or in
terms used by psychologist who examine these laws, between stimulus and
response (Berger, 1983). Learning theorist emphasize that life is a continual
learning process, as new responses appear and old ones fade away. Each bit
of information (stimulus) can be linked to a desired response. While there are
many researches in the field of behavior modification, one of the best known is
B. F. Skinner. A positive stimulus response to 3 + 4 = is to be learned, this
task of adding points toward a higher math grade must accompany the
problem if and only if the correct response of 7 is given (Bitter, Hatfield and
Edwards, 1989).
Reys, Post and Dienes (1973) states that Robert Gagne’s interpretation of
behaviorism is referred to as Neo-Behaviorism. Gagne is concerned
exclusively with the learning patterns of Homo sapiens. For Gagne the central
question is always: ‘What’ do you want the learner to be able to do?”. Once the
“what” (desired terminal behavior) has been clearly defined, then it must be task
analyzed. That is, one must decide which behaviors are prerequisite to the
desired terminal capability, i.e. , form a “learning hierarchy”. It is then
necessary to determine whether or not the learner possesses these necessary
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prerequisites. If he or she does, the educator may then proceed to teach the
desired capability. In the event the learner does not possess all prerequisites,
the needed behaviors must be conscientiously developed before the desired
learning can be reached. Gagne strongly believes that an individual learns
what he or she has been taught and does not effectively apply knowledge to
new situations, unless these modes of transfer are taught directly. However,
Shulman hypothesizes that this approach inhibits transfer of training because
students learn specific knowledges well and these specifics in turn act as a
source of interference (negative transfer) relative to the application of these
specifics to new and different situations. Although the research is inconclusive,
it appears that teaching for specific knowledges, using programmed learning,
lecture method, exposition, etc., is most effective in short term specific learning
situations, such as the development of computational facility.
Although Gagne shares ideas with behaviorists before him, his views are
decidedly contemporary. He has had and will continue to have a significant
impact on curriculum development in the area of school mathematics. His
position can perhaps be best summarized by his own words”... there are many,
many specific sets of ‘readiness to learn.’ If these are present, learning is at
least highly probable. If they are absent, learning is impossible. So if we wish
to find out how learning takes place, we address ourselves to these specific
readinesses”(Gagne, 1963, p. 626).
Another researcher in the area of behavior modification is Albert
Bandura. Bandura’s Social Learning Theory (1977) stress observational
learning where a response is linked with stimulus after a person see the
consequences of another persons responses. The person responds by
imitating the model if the consequence of another person’s responses (Bitter,
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Hatfield, Edwards, 1989). This Social Learning is found in current educational
literature as cooperative learning. Cooperative learning is based on the idea
that students can learn from each other, coordinating their efforts to complete
learning tasks (Slavin, 1983, 1985).
The Information Processing School
Bitter, Hatfield and Edwards (1989) states that the social learning found
in the Information processing is the study of how humans encode, store, and
retrieve information. Information processing is the newest of the three schools
of thought and is premature to designate definitive leaders. Two aspects of
information processing are thought processing and learning styles.
Thought processing is defined as the strategies used to organize and
classify new information or skills to obtain order out of a confusing series of
stimulus events. Two of these strategies have a direct relationship to how
children perceive mathematics. Simultaneous thought processing requires
stimulus material to be presented all at once (simultaneously), seeing the whole
before the parts. A person begins to look for patterns and relationships to break
down the whole into respective parts to arrive at appropriate solutions.
Successive thought processing requires stimulus material to be presented from
one component part to the next (successively) leading from detail to detail until
the whole is seen. A person begins to look for patterns and relationships
between details, building the respective parts in the whole to arrive at correct
solutions (Bitter, Hatfield ,Edwards 1989).
The term, learning styles, is another component of information
processing that can mean different things depending on the author’s
interpretation. Dun (1985) refers to learning styles as The way individuals
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concentrate on, absorb, and retain new and different information or skills”. This
broad definition encompasses emotional, sociological, environmental
psychological, and physical factors, including perceptual data received through
the senses. Perceptual learning styles has a relationship to the study of
mathematics. Perceptual learning styles refer to a person’s preference for
material presented through one or more of the five senses. The visual, auditory,
and tactile modalities are the ones most appropriate for the study of
mathematical concepts (Bitter, Hatfield, Edwards 1989).
In conclusion, mental-discipline and stimulus-response theories of the
nineteenth and early centuries gave way to meaning theory exposed by William
Brownell in the 1930s. This theory is based on the belief that children must
understand the basic concepts that underlie what they are learning if learning is
to be permanent. Brownells discussion of learning generated interest in having
children use manipulative material to form the concepts necessary in learning
mathematics.
Jean Piaget (1952) and Richard Skemp (1982) led to conclude that all
individuals pass through stages as they mature. Piaget believed that cognitive
development occurs in four stages. Manipulative materials are significant
learning aids in all four stages. Students mental images and abstract ideas are
based on their experiences.
Skemp (1982) believes that a two-level director system governs learning.
At the first level the manipulation of objects in and out of school environment
provides the learner with physical activities that form the basis for further
learning and the internalization of ideas. At the second level, activities are built
on those of the first and are mental rather than physical.
Dienes (1960) advocated the use of manipulative materials by children.
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He described the use of multibase block and other materials to build children’s
understanding of numbers.
The “Three Schools of Thought”; The Cognitive School, The
Behaviorist School and The Information Processing School suggest that
children whose mathematical learning is firmly grounded in manipulative
experiences will be more likely to bridge the gap between the world in which
they live an the abstract world of mathematics, Kennedy (1986).
The Researchers Point of View Using Manipulatives
Parham (1983) used meta-analysis to summarize the effects of the use of
manipulative materials and student achievement in elementary school
mathematics. The results of this study indicated that manipulative materials
have a positive effect on student achievement in mathematics.
Likewise, Kipfinger’s (1990) research project concerns middle school
students’ achievement in geometry. Current research supports that students of
this age are not conceptually ready to deal with abstract geometric formulas,
having had little or no concrete, hands on, experience with geometric concepts.
The textbook, by itself, has been shown to be less effective than a method which
uses various manipulative materials when teaching geometry. Kipfingers’
research favored the manipulative method.
In addition. Canny (1984) investigated the role of manipulative materials
in improving achievement in computation, concept-formation, and problem¬
solving in fourth-grade mathematics. The researcher indicated a difference
between two groups on both the achievement and retention tests. Both Groups,
used manipulatives for the introduction of concepts. The group which used
manipulatives for reinforcement, scored higher than the group using both
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researcher-designed tests.
Equally important, Sowell (1989) used meta-analysis to determine the
effectiveness of mathematics instruction with manipulative materials. Students
ranged in age from kindergartners to college-age adults and studied a variety of
mathematics topics. Results showed that mathematics achievement is
increased through the long-term use of concrete instruction materials and that
students’ attitudes toward mathematics are improved by teachers who are
knowledgeable about their use.
Likewise, Goodman (1990) investigated the use of manipulative
materials and symbolic representations in teaching the concept of a variable to
beginning algebra students. Goodman examined the effects of manipulating
Tac-Tiles on (a) learning how to solve equations, (b) learning how to solve
simple word problems requiring the use of equations, and (c) describing the
concept of a variable. The study used four groups. One group was taught to
solve linear equations with integer solutions using standard symbolic notation
and traditional instruction. The second group was taught using Tac-Tiles. The
third group was taught Tac-Tiles and asked to develop a symbolic notation for
the operations carried out. The fourth group received treatment using a balance
bar as a manipulative material. The subjects in the Tac-Tile Symbolic group
performed better than the other groups on the task of solving linear equations
both on the daily test and on the final exam. When the groups were reorganized
into Tac-Tiles and non-Tac-Tile clusters, the task of solving linear equations,
word problems and describing variables were no different on the final exam.
On the other hand, Lindgren (1991) used manipulatives in studying a
second-grade math lab. The results were that pupils’ previous activities with
various games and puzzles of mathematical nature have a possible effect on
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later learning of mathematics. Those with a low pretest score benefited most
from using the small sticks with rubber bands and the base-10-material proved
most effective for those with high pretest scores. The activities performed with
the manipulatives, particularly with the base-10-material, enabled the students
in a clearly detectable way to achieve a deeper understanding of the idea which
forms the most central objective in the curriculum, namely the idea of place
value. One conclusion of this study confirms the importance of the teacher in
guiding the pupils to the most suitable material.
Egan (1991) studied the effects of using Cuisenaire rods on the math
achievement of second grade students in the Marshall Public Schools. The
results of the study indicated that using Cuisenaire rods for math instruction was
no more effective than teaching math with the use of a traditional textbook .
Similary, Blalock (1986) gained knowledge of the suitability of using
manipulative materials in contrast to using worksheet task in the initial
instruction concerning place value with kindergarten children. The researcher
concluded that kindergarten children achieved equally using manipulatives and
worksheets when lessons were presented with equal amounts of teacher
interaction with the students and equal length and number of lessons.
In the same way, Usnick (1985) investigated the effects of two
instructional sequences and two instructional methods on second-graders’
ability to learn and retain the standard algorithm for addition with regrouping. A
difference between instructional methods, favored the direct instructional
approach over the manipulative materials method. A limiting factor of the study
was the possible lack of expertise in the use of manipulative materials on the
part of both teachers and students.
Therefore, due to the lack of teacher expertise, the use of manipulative
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materials lead to the discussion of research on increasing the prosepctive
teacher’s knowledge of using manipulative devices in the classroom. Now,
Tyderle (1984) study was to determine the effect of hands-on experience with
common fraction manipulative materials on the mathematical achievement,
attitude toward mathematics, inclination to write lesson plans incorporating uses
of manipulative materials; and the ability to demonstrate concepts of and
operations on common fractions with manipulative materials, and the ability to
demonstrate concepts of and operations on common fractions with manipulative
material of prospective elementary teachers. Based on the findings, three
week of hands-on experience with common fraction manipulative materials
appear to increase prospective elementary teachers inclination to write lesson
plans which incorporated student use of manipulative materials. In addition,
such hands-on experience appeared to increase prospective teachers ability to
demonstrate concepts of common fractions and operations on common fractions
with manipulative materials. Also, three weeks of hands-on experiences with
common fraction manipulative materials does not appear to increase the
prospective teacher’s knowledge of mathematical concepts, computational
ability or attitude toward mathematics.
Likewise, Holbert (1992) investigated the extent to which select
elementary school teachers utilized manipulatives. Sex, grade level, academic
degree, in-service training, and years of experience merited examination to
determine their relationship to the use of manipulative mathematics material in
the teaching of mathematics. It was concluded that teachers tended to use
certain manipulative mathematics materials to introduce and develop
mathematics concepts by sex, grade levels, academic degree, in-service
training and years of teaching experience. Further, it was recommended that
34
local school systems and teachers need to have available a variety of
manipulative materials. School systems and districts should purchase
manipulative mathematics materials by grade levels, curriculum needs, learner
needs, concerns, and interest. Placement of material should be determined or
based upon grade level concerns, curriculum needs, concerns, and interests .
In addition, Scott (1989) investigated the relationship of elementary
teachers use of rrianipulative materials for mathematics instruction; with
teachers’ hands-on training in the use of manipulative materials, and their
attitude toward mathematics using manipulatives. The study was undertaken to
predict what variables contribute to teachers use of manipulative materials. The
researcher predicted that the amount of hands-on mathematics training of
active involvement with manipulative materials, teachers attitude toward
mathematics and manipulatives, grade level and teaching experience; and
principal attitudes, district policy, school climate, and number of years at a
school; will account for a significantly the teacher’s use of manipulative
materials for mathematics instruction. Scott collected data at random through
answering questionnaires concerning their own attitudes, school climate, and
district policy toward using manipulatives. This research findings indicated that
recent training in the use of manipulatives contribute significantly to classroom
use of manipulative material. This study lends support for ongoing inservice
training or University training with hands-on instruction in the use of
manipulatives for teachers at all elementary levels.
Saleh (1989) explored the effectiveness of manipulative materials in
mathematics instruction to teach addition and subtraction with regrouping. The
principal finding in the current research was, the effects of manipulative
materials appeared to vary, depending on the children’s sex, their prior
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knowledge, the instruction time, and the number of different aids used. Girls
seemed to benefit the most, from concrete aids and no aids. Boys, benefited
digressively from no aids, to pictorial and concrete-pictorial aids.
Also, Hollis ( 1989) examined fifth grade students’ manipulative usage
over the course of the school year to determine the extent to which manipulative
use affected the students mathematical understanding. The study also
addressed the questions of gender-related differences in manipulative use,
effects of teacher training / confidence on student understanding, and whether
these materials are more effective for students above, below, or on grade level.
Students of below-average ability seemed to derive no significant gains from
use of manipulatives. The results of the study led to the following conclusions:
(1) The factors which drive students mathematical understanding are ability: and
the way teachers use manipulatives. It appears that the longer teachers allow
students to use manipulative materials, the less effect these materials have on
students understanding. (2) The variety of materials used seems to have a
significant effect on computation, intensive areas of mathematics, while the
frequency of manipulative use has significant effect on areas which have a
spatial orientation (geometry, probleming-solving, and measurement). The
results of the study raise questions about the quality of instruction with
manipulative materials.
Student Beliefs, Attitudes, And Emotions Towards Mathematics
In knowing about students beliefs, attitudes, and emotions toward
mathematics will assist teachers to reduce the mathematics anxiety students
experience: also, teachers will be able to encourage more students to continue
their study of mathematics beyond the minimal requirements in high school
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(Brush, 1981). Student beliefs, attitudes, and emotions, “are three major facets
of the affective experience of mathematics students. Laurie Ryes (1984) defines
“affective" as experience to “students feelings about mathematic, aspect of the
classroom, or about themselves as the learner of mathematics” (Reys, 1994,
P-5).
Now, “student beliefs about mathematics and about themselves play an
important role in the development of their affective responses to mathematical
situations. Since interruptions and blockages are an inevitable part of the
learning of mathematics, students will experience both positive and negative
emotions as they learn mathematics. Emotions are likely to be more noticeable
when the tasks are novel. Also, students will develop positive or negative
attitudes toward mathematics (or parts of the mathematics curriculum) as they
encounter the same or similar mathematical situation repeatedly” (Handbook of
Research on Mathematics Teaching and Learning, 1992, p. 578). The following
Table 1 provides a brief outline of the three categories of affective experience.
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Table 1






About the social context
Attitudes
Emotions
Mathematics is based on rules
I am able to solve problems
Teaching is telling
Teaching is telling
Dislike of geometric proof
Enjoyment of problem solving
Preference for discovery learning




Beliefs, attitudes and emotions are used to describe a wide range of
affective responses to mathematics. Beliefs and attitudes are generally stable,
but emotions may change rapidly. ‘They also vary in the level of intensity: from
cold beliefs about mathematics to cool attitudes related to liking or disliking
mathematics to hot emotional reactions to frustration of solving nonroutine
problems” ( Handbook of Research on Mathematics Teaching and Learning,
1992, p. 578).
Berebitsky (1985), Gattuso & Lacases (1987), and Hembree (1990) all
agree that beliefs, attitudes, and emotions are involved in the development of
mathematics anxiety. Clute (1982) and Hembree (1990) has confirmed that
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mathematics anxiety is related to poor performance in mathematics and that a
variety of treatments are effective in reducing mathematics anxiety and
improving performance. Several studies have shown that high achievements
in mathematics is related to low anxiety for students from grade school through
college (Callahan & Glennon, 1975; Crosswhite, 1972). In finding a solution
Brush (1981) and Arem (1994) gives insight on how to reduce mathematics
anxiety. Arem suggests the steps listed below to help alleviate worries about
mathematics. The list can be altered and utilized in the mathematics classroom.
1. Keep calm. It’s not unusual to hyperventilate during situations
when you feel anxiety or intimidated. You can compose yourself by
breathing slowly before you begin working the math
problems.
2. Stop the negative self-talk. Forget all the myths about needing a
“math mind to excel. Hang posters (around your class room) that
will remind and inspire your (children): “ I have good math
abilities.”
3. Visualize yourself succeeding with math problems.
4. Understand your learning style (visual learner, auditory learner,
kinesthetic learner, and hands-on learner). Do you need to write
everything down? Are you a better learner when every detail is
explained to you? Is it important that you be able to touch or
move an object to understand? Not everyone learns in the same
way: so it helps to know what to focus on and ask for.
5. Review your material immediately after class; and then again
within twenty four-hour. Without review, much of the information we
learn is lost within the twenty four-hour period.
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6. If your math assignments seem too difficult, break them up into
smaller parts. Reward yourself as you achieve each goal
(Gibson, 1994, p.38).
Today’s public schools are focusing on making math meaningful and fun
(Gibson, 1994). “You have to get their attention. Mathematics should be more
than just numbers and computation”, replies Kay Toliver the 1993 recipient of
the Presidential Award for Excellence in Science and Mathematics Teaching
from President Clinton. Kay Toliver, is public school teacher at 72/East Harlem
Tech, adds crazy props, subtract anxiety and embarrassment from her
mathematics classrooms. “I want to tell you how math is used ..Kay takes
her students out of the classroom onto a “Math Trail", where she creates math
problems as they relate to day-to-day life (Ryan, 1994).
Similarly, Anne Reynolds assistant professor of mathematics education
at the University of Oklahoma and other experts suggest the following tips for
incorporating math into day-to-day life. The following tips will help to capitalize
kids enthusiasm about mathematics.
“... Forages 9 to 12:
1. Include your children in family shopping. Ask questions like “Is
this 12-ounce can of tomato soup a better buy than this 10-ounce
can?” and “How much will I save on this sweater if it’s discounted
twenty percent ?”
2. Suggest that your child make a scale drawing of a room in your
house. Talk about different furniture arrangements and how
they might fit.
3. Ask your child to develop a bar graph showing your monthly
electric bills. That information can be used in discussions on
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ways to conserve energy.
For teenagers:
1. Involve them in major purchases. If you’re buying a new car ask
them to research consumer information. Take them with you to the
bank; let them find the interest “ (Gibson, 1994, p. 39),
Also, Clute (1984) offers alternative instructional formats that may be more
appropriate for students who report high levels of mathematics anxiety.
In short, Sowell (1984) offers assurance that “the effects of student
achievement and attitudes of using manipuiative materiais in mathematics
instruction.. . . Shows that mathematics achievement is increased through the
long-term use of concrete instructional materials and that students attitudes
toward mathematics are improved when they have instruction with concrete
materiais provided by teachers who are knowledgeable about their use”
(Sowell, 1989, p.498).
Summary
Studies have shown that “Bridging the Gap” helps one formulate the
concrete to make connections with the abstract when using math manipuiatives.
George Bright (1986) continued this argument by stating that manipuiatives
hold the promise for helping many students understand mathematics. Activities
involving pictures and objects, textbook illustration models on the overhead
projector and drawing as weli as demonstration by teachers and peers can
smooth the transition between concrete and abstract functioning says Heddens
(1986).
Manipulative materiais are objectives or things that the pupil is “able to
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feel, touch, handle, and move. They may be real objects which have social
application in our everyday affairs, or they may be objects which are used to
represent an idea” (Grossnickle, Junge, and Metzner 1951, p. 162).
Manipulatives may be placed in categories by there mathematical usage or by
approiate gradelevels.
Recent research indicates that to promote meaningful learning,
mathematics instruction should begin with experiences that are real to pupils
and proceed to the symbolic level (e. g., Baroody 1987; Davis 1984 ; Ginsburg
1982) (Baroody 1989). Hynes (1986) and Rey (1971) both agree that both
pedagogical and physical criteria should be considered when selecting the
manipulatives. The use of manipulatives must not be the goal of mathematics
instruction. The role of manipulatives should be to help students understand
(and remember) concepts so that they are able to solve problems and apply
mathematics. Once understaning has been developed, manipulatives should
no longer be used.
Manipulatives need not be expensive. Items such as dot paper, graph
paper, popsicle sticks, beans, containers, glue, coloured bingo markers, rubber
bands, drinking straws and pipe cleaners, used imaginatively, are as effective
as commercially prepared materials (Albert, 1988).
Much research into manipulative materials and the benefits for children
has been conducted over the years. Although, no single study validates the
claim that children should use manipulative materials as they learn
mathematics: the collective message garnered from many studies is the
materials are worthwhile (Kennedy 1986). On the other hand, limited research
has been done on the effects of using manipulatives to teach mathematics in the
secondary classrooms.
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Now, knowing student beliefs, attitudes, and emotions toward
mathematics, will assist teachers to reduce the mathematics anxiety students
experience. Also teachers will be able to encourage more students to continue
their study of mathematics beyond the minimal requirements in high school
(Brush, 1981). Berebitsky (1985), Gattuso & Lacases (1987) and Hembree
(1990) all agree that beliefs, attitudes, and emotions are involved in the
development of mathematics anxiety. Clute (1982) and Hembree (1990) has
confirmed that mathematics anxiety is related to poor performance in
mathematics and that a variety of treatments are effective in reducing
mathematics anxiety and improving performance. Several studies have shown
that high achievements in mathematics is related to low anxiety for students
from grade school through college (Callahan & Glennon, 1975; Crosswhite,
1972). In finding a solution Brush (1981) and Arem (1994) gave insight on
how to reduce mathematics anxiety. Attitudes toward mathematics may be
changed and improved, by making changes in classroom practices; which can
reduce mathematics anxiety, that such a reduction accompanied by
encouragement on the part of the teacher will lead more students to enroll in
mathematics courses beyond those required. Today’s public schools are
focusing on making math meaningful and fun. Kay Toliver (Ryan, 1994) and
Anne Reynolds (Gibson, 1994) offers suggestion on capitalizing kids
enthusiasm about mathematics.
In short, Sowell (1984) offers assurance that ‘the effects of student
achievement and attitudes of using manipulatives materials in mathematics
instruction. . . . Shows that mathematics achievement is increased through the
long-term use of concrete instructional materials and that students attitudes
toward mathematics are improved when they have instruction with concrete
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The Comparative Experimental Approach Method was used to
investigate the effects of manipulatives on student achievement in high school
Algebra I. According to the Handbook of Research on Mathematics Teaching
and Learning this method of investigation was used to determine whether or
not a specified set of actions (manipulatives) “causes” a desired outcome. The
determination was made by comparing the outcome of a group treated by the
set of actions with a similar group (the control group) that had not been so
treated to see if there were predictable differences in outcomes. The design of a
specific experiment involves attempts to isolate the treatment effects from other
possible effects. True experiments compare the treatment and control groups
when units (students, classes) have been randomly assigned to the treatment
group.
An urban high school Algebra 1 class participated in an experimental
study on the effects of manipulatives on student achievement. The research
included a pretest and posttest of achievement in both experimental and control
groups. The pretest was given at the beginning of the first semester using the
large urban school system, End-of-Semester Standardize Test for Algebra I
part I. The posttest was given at the end of the first semester using another
version of the large urban school system, End-of-Semester Standardize Test
for Algebra I part 1. In addition to giving the pretest and posttest to all
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groups, QSDI was administered at the beginning and the end of the semester.
The QSDI measured the growth with respect to student attitudes, belief, and
dispositions about mathematics and math class.
The experimental group was treated with mathematic manipulatives
through instruction from their teacher. The control group was instructed by their
teacher through the use of math textbooks. Two mathematics teachers
implemented the study. The principal investigator and another teacher taught
an experimental and control group. The groups were labeled as follows:
Teacher A Teacher B
Group A Experimental Group B Experimental
Group A Control Group B Control
After the pretest, the treatment continued through the end of the
semester. At the end of the semester, a posttest of math achievement was
given to all groups; using another version of the large urban school system test.
Also, the QSDI was given before the pretest and posttest was administered to
determine student attitudes, beliefs, and disposition about mathematics and
math class.
Analysis of Variance (ANOVA) was used on the results of the data
gathered; and was analyzed to described math achievement during the time
from pretest to posttest. The analysis specifically looked for a statistically
significant difference between the experimental and control groups math
achievements. This determined the effects of manipulatives on student
achievement in high school Algebra I.
Also the ANOVA was used on the QSDI results to look for a statistically
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significant difference between the experimental and control groups growth in
student attitudes, belief, and dispositions. This determined the effects of
manipulatives on student attitudes towards mathematics.
SUBJECTS
The subjects in this study were high school Algebra I students in
attendance at a large urban school system. The experimental group used math
manipulatives in the instruction of mathematics. The control group did not use
math manipulatives in their instruction of mathematics. The experimental group
is two classes using math manipulatives and textbooks that were randomly
selected from all students from a large urban high school. The control group
were randomly selected from a large urban high school which utilized math
textbooks. The demography data of this large urban high school population
consist of 1902 students, grades 9-12, urban school setting. The student
socioeconomic level(s) were affluent, upper-middle, middle, lower-middle and
poor; racial/ethnic composition .01% White, 99.95% Black, .02% Hispanic and
.02% Asian; .05% students are non-English/limited English proficient.
INSTRUMENTATION
The large urban school system, End-of-Semester Standardize Test was
administered before the experiment (pretest) and at the end of the experiment
(posttest). In addition, the QSDI was administered before the pretest and the
posttest.
The purpose of the large urban school system, End-of-Semester
Standardize Test for Algebra I part I is to ensure that all students, system-wide,
are taught the same course information. It has also been correlated to cover
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the State High School Graduation Test which ensures mastery of the core
curriculum: including writing, reading, math, science, and social studies. Also,
The Test of Achievement and Proficiency (TAP) is a norm-reference test which
allowed the comparison of the current achievement of the large urban school
system students with the-average achievement of students throughout the
nation. The large urban school system standardize tests had been reviewed by
the State Department of Education for its validity and reliability. The large urban
school system test was proven to be a valid and reliable instrument to test the
math achievement of the students.
The purpose of the QSDI is to show students attitudes, beliefs, and
disposition about mathematics and math class.
INSTRUCTIONAL DESIGN
Dick and Carey's (1985) systematic approach model to instructional
design was used for the instructional process. See diagram in Appendix G for
instructional design model. This instructional design model consist of the ten
components: (1) Identifying an Instructional Goal, (2) Conducting an
Instructional Analysis, (3) Identifying Entry Behaviors and Characteristic, (4)
Writing Performance Objectives, (5) Developing Criterion-Referenced Test
Items, (6) Developing an Instructional Strategy, (7) Developing and Selecting
Instruction, (8) Designing and Conducting the Formative Evaluation, (9)
Revising Instruction, and finally (10) Conducting Summative Evaluation. For a
detail description of the components see Dick and Carey’s (1985) The
Systematic Dfisinn of Instruction. The instructional model assisted with the
solution to the critical nature of student achievement in mathematics, particularly
in Algebra and in its limited success in teaching Algebra. This study
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investigated methods that could be used by teachers to improve math
achievement. In using this model it provided information on what the learner is
to know or be able to do when the instructions were concluded. Without this
model the rest of the planning and implementation can become fuzz and
ineffective (Dick, Carey 1985).
TREATMENT
The experimental group and the control group were given the large
urban school system, End -of -Semester Standardize Test for Algebra I part I
as pretest and posttest. Also, The QSDI was given before the pretest and
posttest.
The experimental group was treated with using Houghton Mifflin Algebra
Structure and Method and the following math manipulatives in the classroom:
1. Cooperative Learning with pattern blocks








10. Counters (Lima beans)
11. Algebra I Video Tutor volume 1 and volume 2
12. Computer Software Algebra Blaster
13. Hands-on-equations
It is important to use a variety of materials to teach a concept. Julie Conason, a
primary teacher, says “Using a variety of material helps to demonstrate the
broadness of a concept.” A description of these manipulatives are located in
Appendix D.
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The instruction with manipulatives assisted with formulating the concrete to
make connections with the abstract. Using manipulatives helped the students
gain the confidence they needed to go on to higher learning levels. Each
teacher acted as the facilitator to the instruction design which was used to
implement this research. The manipulatives was used as a tool to introduce, a
base of instruction, enrichment, and (or) remediation which met the expectations
of the large urban school systems curriculum learning objectives for secondary
mathematics algebra I part I. See Appendix H for learning objectives .
The control group used Houghton Mifflin Algebra Structure and Method
Book I as the primary source of instruction.
ANALYSIS OF DATA
After the study was completed the scores from the large urban school system,
End-of-Semester Standardized Test for Algebra I part I; pretest and posttest
were compared in the following ways:
1. The experimental group was treated with math manipulatives and
math textbooks through instruction from their teacher. The control
group was instructed by their teacher through the use of math
textbooks.
After the pretest, the treatment was continued through the end of the
semester. A posttest of math achievement was given to all groups
using another version of the large urban school systems test.
2. ANOVA was used to test for the statistical significance of the
differences between the mean test scores of the four groups. The
large urban school systems standardize test for Algebra I part I was
given at the beginning of the semester for the pretest and again at the
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end of the semester for the posttest.
3. The scores were compared to determine the effects of manipulatives
on student achievement in high school algebra I.
Likewise, the results from the QSDI pre-questionnaire and post¬
questionnaire were compared in the following ways:
1. To determine students attitudes towards mathematics.
2. To determine students attitudes towards the use of mathematic
manipulatives.
CHAPTER 4
ANALYSIS OF THE DATA
INTRODUCTION TO ANALYSIS OF THE DATA
The major purpose of this study was to explore the effects of math
manipulatives on student achievement in high school Algebra I. A second
hypothesis was also studied to see if students attitudes towards mathematics
were improved with the use of manipulative materials in mathematics.
Two groups of algebra I were studied: The control group (N=51), which
was composed of two classes of Algebra I students, instructed through the use
of math textbook (traditional) for sixteen weeks (1st. semester): the experimental
group (N=47), was composed of two classes of Algebra I students, instructed in
math with manipulatives for sixteen weeks (1 st. semester). (See Appendix D
for a detail description of manipulatives used in this study). Two teachers
implemented the study. The principal investigator and another teacher taught






The large urban high school system, End-of -Semester Standardize Test
for Algebra I part 1 was used for the pretest. Also, another version of the large
urban high school systems, End-of-Semester Standardize Test for Algebra 1
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part 1 was used for the posttest to measure the level of achievement. In
addition, the QUASAR Students Disposition Instrument (QSDI) was
administered before the pretest and posttest which measured the students
attitudes, beliefs, and disposition about mathematics and math classes. Pretest
scores were analyzed to determine comparability of achievement; and the pre¬
questionnaire scores were analyzed to determine comparability of attitudes of
groups prior to the treatment. Scores on posttest were used to determine
achievement: and post-questionnaire scores were used to determine the
attitudes of the groups after the treatment. The posttest scores were used to test
the achievement hypothesis and post-questionnaire results were used to test
the attitudes hypothesis. A one-way analysis of variance was used to test all
hypotheses. The .05 level of confidence was used. Following are the results for
the two groups:
Table 2 shows the mean scores on the pretest, with the aid of MINITAB,
versions statistical software package; Table 2 printout was obtained. The
scores were tabulated for each group. The mean for Group A Experimental
Pretest (AEx.pre) 22.21; the mean for Group A Control Pretest (ACo.pre)
24.67; The mean for Group B Experimental Pretest (BEx.pre) 26.35; The
mean for Group B Control Pretest (BCo.pre) 25.17. Since, Fscore < Fa, a-1,
a(n-1) (where Fscore = 0-25 and Fa, a-1, a(n-1) = 2.702), then Fscore not > F^,
a-1, a(n-1) and we accepted the null hypothesis and conclude there was no
statistically significant difference between the mean Algebra I pretest scores
before the treatment began. This was also verified by the P score: P > a (where
P=0.858 and a=0.05); hence, we accepted Hq. Therefore the control and
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experimental groups were comparable before treatment. The data below is
based on a one way ANOVA. Based on this data, the author performed the
following test:
Ho: m = P2 = W = P4
against
Ha: at least one inequality.
Table 2
Pretest Scores on Algebra I Standardize Test
MTB > AOVOneway 'AEx.pre' 'ACo.pre' 'BEx.pre' ’BCo.pre'.
ANALYSIS OF VARIANCE
SOURCE DF SS MS
FACTOR 3 215 72
ERROR 94 26537 282
TOTAL 97 26752
LEVEL N MEAN STDEV
AEx.pre 24 22.21 17.53
ACo.pre 27 24.67 17.15
BEx.pre 23 26.35 16.22
BCo.pre 24 25.17 16.20
POOLED STDEV = 16.80
F p
0.25 0.858
INDIVIDUAL 95 PCT Cl’S FOR MEAN





( - * )
+ 4 . +
20,0 25.0 30,0
Teacher A Teacher B
Group A Experimental Pretest (AEx.pre) Group B Experimental Pretest (BEx.pre)
Group A Control Pretest (ACo.pre) Group B Control Pretest (BCo.pre)
The Hq: P1 = P2 =1^3 = 44 is accepted based on results which indicated
no statistically significant difference between the mean Algebra I pretest scores
before treatment.
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Table 3 shows the mean scores for the posttest, with the aid of MINITAB,
versions statistical software package; Table 3 printout was obtained. The
scores were tabulated for each group. The mean for Group A Experimental
Posttest (AEx.post) 78.58; the mean for Group A Control Posttest (ACo.post)
79.63; The mean for Group B Experimental Posttest (BEx.post) 81.09; The
mean for Group B Control Posttest (BCo.post) 77.29. Since, Fscore < Fa, a-1,
a{n-1) (where Fscore = 0.17 and Fa, a-1, a(n-1) = 2.702), then Fscore not > Fa,
a-1, a(n-1) and we accepted the null hypothesis and concluded there was no
statistically significant difference between the mean Algebra I posttest score of
students taught with manipulatives and students taught without manipulatives.
This was also verified by the P score: P > a (where P=0.920 and a=0.05);
hence, we accepted Hq.
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The data below is based on a one way ANOVA. Based on this data, the author
performed the following test:
Ho: PI = P2 = P3 = P4
against
Ha: at least one inequality.
Table 3
Posttest Scores on Algebra I standardize Test
MTB > AOVOneway 'AEx.poet' 'ACo.post' 'BEx.poet' 'BCo.poet'.
ANALYSIS OF VARIANCE
SOURCE DF SS MS
FACTOR 3 183 61
ERROR 94 34761 370
TOTAL 97 34944
LEVEL N MEAN STDEV
AEx.poBt 24 78.58 20.97
ACo.post 27 79.63 14.93
BEx.poet 23 81.09 21.48
BCo.poet 24 77.29 19.45
POOLED STDEV = 19.23
F p
0.17 0.920
INDIVIDUAL 95 PCT Cl'S FOR MEAN
BASED ON POOLED STDEV






72.0 78.0 84.0 90.0
Teacher A
Group A Experimental Posttest (AEx.post)
Group A Control Posttest (ACo.post)
Teacher B
Group B Experimental Posttest (BEx.post)
Group B Control Posttest (BCo.post)
The Hq: P1 = P2 = P3 = P4 is accepted based on results which indicate
nostatistically significant difference between the mean Algebra I posttest score
of students taught with manipulatives and students taught without
manipulatives.
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Further development was needed to determine whether there was
improvement in student performance in the experimental groups; or if there was
no improvement. This was needed to determine if there was statistically
significant improvement.
Table 4













11 11 75 60 6 11 60 50
26 57 65 85 50 6 100 35
69 17 100 100 40 26 90 100
20 17 60 55 26 56 100 100
11 34 100 35 20 31 100 95
11 6 100 70 40 20 90 80
34 50 75 100 17 6 85 65
6 17 80 100 26 40 100 90
17 11 35 100 6 46 60 95
5 46 55 100 14 50 75 100
14 26 75 75 6 30
11 6 85 100
By viewing the above table of test scores, we see that there is a
difference between the experimental groups pretest and posttest scores. The
author ran a one-way ANOVA test on the above scores to determine whether
those differences are significant differences.
Table 5 shows the mean scores for Teacher A pretest and posttest
scores, with the aid of MINITAB, version 8 statistical software package; Table 5
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printout was obtained. The scores were tabulated for each group. The mean
for Group A Experimental Pretest (AEx.pre) 22.21; the mean for Group A
Experimental Posttest (AEx.post) 78.58. Since, Fscore > ^a, a-1, a(n-1) (where
Fscore = 102.10 and F^, a-1, a(n-1) = 4.0524); we rejected the null hypothesis
and concluded there was a statistically significant difference between the mean
Algebra I experimental pretest and posttest scores of students taught with
manipulatives . This was also verified by the P score: P < a (where P =0.000
and a=0.05): hence, we rejected Hq. Thus, the data in Table 5 shows a
difference that is significant (Teacher A experimental pretest and experimental
posttest scores ie.. AEx.pre and AEx.post).
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The data below is based on a one-way ANOVA. Based on this data, the author
performed the following test:
Ho: pe = Pe (experiment mean pretest = experimental mean
posttest)
against
Ha: at least one inequality.
Table 5
Pretest and Posttest scores on Algebra I Standardize Test
(Teacher A)
MTB > AOVOneway 'AEx.pre* 'AEx.post'.
ANALYSIS OF VARIANCE
SOURCE DF SS MS F P
FACTOR 1 38138 38138 102.10 0.000
ERROR 46 17182 374
TOTAL 47 55319
INDIVIDUAL 95 PCT Cl'S FOR MEAN
BASED ON POOLED STDEV
LEVEL N MEAN STDEV .............
AEx.pre 24 22.21 17.53
AEx.post 24 78.58 20.97
POOLED STDEV = 19.33 20 40 60 80
Teacher A
Group A Experimental Pretest (AEx.pre)
Group A Experimental Post (AEx.post)
The Hq: pe = Pe is rejected based on results which indicated a statistically
significant difference between Algebra I Teacher A experimental pretest and
posttest scores of students taught with manipulatives.
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Table 6 shows the mean scores for Teacher B pretest and posttest
scores, with the aid of MINITAB version 8 statistical software package: Table 6
was obtained. The scores were tabulated for each group. The mean for Group
B Experimental Pretest (BEx.pre) 26.35; the mean for Group B Experimental
Posttest (BEx.post) 81.09. Since, Fscore > Fa, a-1, a(n-1) (where Fscore =
95.13 and Fa, a-1, a(n-1) = 4.0626); we rejected the null hypothesis and
conclude there was a statistically significant improvement between the mean.
Teacher B Algebra I experimental pretest and posttest scores of students
taught with manipulatives . This was also verified by the P score: P < a
(where P=0.000 and a=0.05): hence, we rejected Hq. Thus, the data in Table
6 shows a difference that is significant (Teacher B experimental pretest and
experimental posttest scores).
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The data below is based on a one-way ANOVA. Based on this data, the author
performed the following test:
Ho: Pe = Pe (experiment mean pretest = experimental mean
posttest)
against
Ha: at least one inequality.
Table 6








INDIVIDUAL 95 PCT Cl'S
BASED ON POOLED STDEV
FOR MEAN
LEVEL N MEAN STDEV
- + + + -
BEx.pre 23 26.35 16.22
BEx.post 23 81.09 21.48
- + + + ■
POOLED STDEV = 19.03 20 40 60 80
Teacher p
Group B Experimental Pretest (BEx.pre)
Group B Experimental Post (BEx.post)
The Hq: Pe = Pe is rejected based on results which indicated a
statistically significant difference between Algebra I Teacher B experimental
pretest and posttest scores of students taught with manipulatives.
In short, both groups showed improvement in student performance. The
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significant difference surfaced in the testing of the experimental groups (Refer to
Table 4). Therefore, as a result of further testing, we have found that there is a
difference between the experimental pretest and posttest scores. Testing was
done only on the pretest and posttest scores of the experimental groups; the
control and the experimental groups started at the same level prior to treatment:
and ended on the same level after treatment.
Table 7 shows the mean scores for the pre-qustionaire, with the aid of
MINITAB, version 8 statistical software package; Table 7 was obtained. The
scores were tabulated for each group. The mean for Group A Experimental Pre¬
questionnaire (AEQ.Pre) 64.29; the mean for Group A Control Pre¬
questionnaire (ACQ.Pre) 62.96; The mean for Group B Experimental Pre¬
questionnaire (BEQ.Pre) 60.35; The mean for Group B Control Pre¬
questionnaire (BCQ.Pre) 64.54. Since, Fscore < Fa. a-1, a(n-1) (where Fscore
= 0.58 and Fa, a-1, a(n-1) = 2.702), then Fscore not > F^, a-1, a(n-1) and we
accepted the null hypothesis and concluded there was no statistically significant
difference between the mean pre-questionnaire scores which tested student
attitudes, belief and disposition before the treatment. This was also verified by
the P score: P > a (where P=0.629 and a=0.05): hence, we accepted Hq.
Therefore, the control and the experimental groups were comparable before
treatment.
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The data below is based on a one way ANOVA. Based on this data, the author
performed the following test:
Ho: m = P2 = P3 = P4
against
Ha: at least one inequality.
Table 7
Pre-Questionnaire on the QSDI
MTB > AOVOneway 'AEQ.Pre* 'ACQ.Pre' 'BEQ.Pre' 'BCQ.Pre'.
ANALYSIS OF VARIANCE
SOURCE DF SS MS
FACTOR 3 259 86
ERROR 94 13961 149
TOTAL 97 14220
LEVEL N MEAN STDEV
AfiQ.Pre 24 64.29 10.14
ACQ.Pre 27 62.96 12.02
BEQ.Pre 23 60.35 13.42
BCQ.Pre 24 64.54 12.98








INDIVIDUAL 95 PCT Cl'S FOR MEAN
BASED ON POOLED STDEV





.. + + + +






The Hq: PI = P2 = P3 = P4 'S accepted based on results which indicated
no statistically significant difference between the mean scores of student
attitudes, beliefs and dispositions of students before the treatment began.
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Table 8 shows the mean scores on the post-questionnaire, with the aid of
MINITAB version 8 statistical software package, Table 8 was obtained. The
scores were tabulated for each group. The mean for Group A Experimental
Post-questionnaire (AEQ.Post) 74.58; the mean for Group A Control Post¬
questionnaire (ACQ.Post) 64.81: The mean for Group B Experimental Post¬
questionnaire (BEQ.Post) 72.91; The mean for Group B Control Post¬
questionnaire (BCQ.Post) 61.17. Since, Fscore>Fa, a-1,a(n-1) (where
Fscore = 9-36 and F^, a-1, a{n-1) = 2.702) we rejected the null hypothesis and
concluded, there was a statistically significant difference between the mean
scores of student attitudes, belief and disposition of student taught with
manipulatives and students taught without manipulatives. This is also verified
by the P score; P < a (where P=0.00 and cx=0.05): hence, we rejected Hq.
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The data below is based on a one-way ANOVA. Based on this data, the author
performed the following test:
Ho: P1 = P2 = P3 = P4
against
Ha: at least one inequality.
Table 8
Post Questionnaire on the QSDI
MTB > AOVOneway 'AEQ.Post' 'ACQ.PoBt'
ANALYSIS OF VARIANCE
SOURCE DF SS MS
FACTOR 3 2985 995
ERROR 94 9999 106
TOTAL 97 12985
LEVEL N MEAN STDEV
AEQ.Post 24 74.58 7.07
ACQ.Post 27 64.81 11.61
BEQ.Post 23 72.91 7.94
BCQ.Post 24 61.17 13.12
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The Hq: PI = P2 = P3 = P4 is rejected based on results which indicated
a statistically significant difference between the mean post scores, students
attitudes, beliefs and dispositions of students taught with manipulatives and
students taught without manipulatives. We concluded that at least one p is not
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the same as the others ( Ha: there was at least one inequality). Since there
was at least one score that was not statistically the same as the other (|i); further
test were needed to determine which group fared significantly better.
"EYEBALLING MEANS"
Figure 3. “Eveballina”
Post-questionnaire for the QSDI; Group A Control Post-questionnaire
(ACQ.Post): Group A Experimental Post-questionnaire (AEQ.Post); Group B
Control Post-questionnaire (BCQ.Post); Group B Experimental Post¬
questionnaire (BEQ.Post).
By “eyeballing” the above graph of the means, we see there is a
difference between the control and the experimental groups. The author ran a
one-way ANOVA test on the four means above to determine weather those
differences are significantly different.
Table 9 shows the mean scores for the post-questionnaire, with the aid of
MINITAB, version 8 statistical software package; Table 9 was obtained. The
scores were tabulated for each group (Teacher A). The mean for Group A
Experimental Post-questionnaire (AEQ.Post) 74.583; the mean for Group A
Control Post-questionnaire (ACQ.Post) 64.815. Since, Fscore > a-1, a(n-1)
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(where Fscore = 12.77 and Fa, a-1, a(n-1) = 4.0386) we rejected the null
hypothesis and concluded there is a statistically significant difference between
the mean scores of student attitudes, belief and disposition of student taught
with manipulatives and students taught without manipulatives. This was also
verified by the P score: P < a (where P=0.001 and a=0.05): hence, we rejected
Hq. Thus, the data point on the graph Figure 3 shows a difference that is
significant (Data points ie.. ACQ and AEQ).
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The data below is based on a one-way ANOVA. Based on this data, the author
performed the following test:
Ho: |ic = Pe (control mean = experimental mean)
against
Ha: at least one inequality.
Table 9
Post Questionnaire on the QSDI
(Teacher A)
MTB > AOVOneway 'AEQ.Poet' 'ACQ.Poet'.
ANALYSIS OF VARIANCE
SOURCE DF SS MS F P
FACTOR 1 1212.4 1212.4 12.77 0.001
ERROR 49 4651.9 94.9
TOTAL 50 5864.4
INDIVIDUAL 95 PCT Cl'S FOR MEAN
BASED ON POOLED STDEV
LEVEL N MEAN STDEV
AEQ.PoBt 24 74.583 7.071 ( * )
ACQ.Poet 27 64.815 11.606 ( *-■ )
........4.-.
POOLED STDEV = 9.744 65.0 70.0 75.0
Teacher A
Group A Experimental (AEQ.Post)
Group A Control (ACQ. Post)
The Hq: |I1 = |i2 was rejected based on results which indicated a
statistically significant difference between the mean scores of students attitudes,
belief and disposition of students taught with manipulatives and students taught
without manipulatives.
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Table 10 shows the mean scores for the post-questionnaire, with the aid
of MINITAB, version 8 statistical software package; Table 10 was obtained. The
scores were tabulated for each group. The mean for Group B Experimental
Post-questionnaire (BEQ.Post) 72.91; the mean for Group B Control Post¬
questionnaire (BCQ.Post) 61.17. Since, Fscore > Fa, a-1, a(n-1) (where Fscore
= 13.64 and Fa, a-1, a(n-1) = 4.057) we rejected the null hypothesis and
concluded: there is a statistically significant difference between the mean scores
of students attitudes, beliefs and dispositions of students taught with
manipulatives and students taught without manipulatives. This is also verified by
the P score: P < a (where P=0.001 and a=0.05); hence, we rejected Hq. Thus,
the data point on the graph Figure 3 shows a difference that is significant (Data
points ie.. BCQ and BEQ).
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The data printout below is based on a one way ANOVA. Based on this data, the
author performed the following test:
Ho: Pc = Pe (control mean = experimental mean)
against
Ha: at least one inequality.
Table 10
Post Questionnaire on the QSDI
(Teacher B)
MTB > AOVOneway 'BEQ.Post* ’BCQ.Poet'.
ANALYSIS OF VARIANCE
SOURCE DF SS MS F P
FACTOR 1 1620 1620 13.64 0.001
ERROR 45 5347 119
TOTAL 46 6968
INDIVIDUAL 95 PCT Cl'S FOR MEAN
BASED ON POOLED STDEV
LEVEL N MEAN STDEV
BEQ.Post 23 72.91 7.94 (- ---)
BCQ.Post 24 61.17 13.12 ( *-■ )
POOLED STDEV = 10.90 60.0 66.0 72.0 78.0
Teacher B
Group B Experimental (BEQ.Post)
Group B Control (BCQ.Post)
The Hq: pi = P2 is rejected based on results which indicated a statistically
significant difference between the mean scores of the students attitudes, beliefs
and dispositions of students taught with manipulatives and students taught
without manipulatives.
Both teachers influenced the student attitudes, beliefs and disposition.
Also, the students attitudes, beliefs and dispositions were much better with
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manipulatives than without manipulatives in this particular case.
In short, the significant difference surfaced in the testing of the control
and the experimental groups (Refer to “eyeballing” graph Figure 3). Therefore,
as a result of further testing we found the difference in means is between the
experimental and control groups. Also, we found for each teacher, the
experimental group benefited from the use of manipulatives. This was shown in
the attitudes (Refer to graph Figure 3).
Testing was considered on the pretest and posttest scores of each
group. However, since there was no statistically significant difference in the
initial scores: there was no need to look at the pretest and post score of each
group.
CHAPTER 5
FINDINGS, CONCLUSIONS, IMPLICATION AND
RECOMMENDATIONS
FINDINGS and CONCLUSIONS
The results of the study indicated that using manipulative materials for
math instruction was no more effective than teaching math with the use of a
traditional textbook. The statistical results showed there was no statistical
significant difference of the posttest between the control group and the
experimental group mean scores. Several factors could have contributed to
these results. One particular factor could have been the short-term use (six-teen
weeks) of manipulative materials; and the standardized Algebra 1 course. If the
experiment had been conducted over a long term, the use of manipulative
materials would have increased students mathematics achievement as
opposed to not using manipulatives.
On the other hand, the study indicated, the use of manipulative materials
for math instruction was more effective in changing students attitudes, beliefs,
and dispositions towards mathematics than teaching with the uses of a
traditional textbook. This results showed that there was a statistically significant
difference on the posttest between the control and the experimental group mean
scores. The manipulatives increased students motivation; developed positive
attitudes, and created excitement about learning mathematics; and reduced the
mathematics anxiety. The changes in attitudes seemed to have taken place
once the students saw that you have to experiment with mathematics. This
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increase in motivation will contribute to high achievements in mathematics,
and encourage students to enroll in mathematic courses beyond those required.
The manipulative material provided actual problem-solving situations,
concrete representation of abstract ideas, and the opportunity for discovery
learning.
IMPLICATIONS
The finding of this study was significant to current and future research
studies on using manipulatives for instruction in secondary mathematics. In
addition, manipulatives will increase student achievement, and develop
positive student attitudes, beliefs and dispositions towards mathematics. It will
also provides insight on how to increase student enrollment and reduce student
anxiety in such ways that learning mathematics is made FUN I
RECOMMENDATIONS FOR FURTHER STUDY
1. Mathematics Laboratories being placed in all high schools for the
exploration of mathematics. Various types of manipulative
materials should be housed in the laboratory. The function of the
laboratory should be the responsibility of student teachers.
2. Computer Laboratories being place in all high schools for exploring of
mathematics software.
3. Teachers should be aware of how to reduce mathematic anxiety
students experience.
4. Inservice workshops for teachers to learn to use manipulative materials
on an ongoing basis.
5. What effects that teachers personality have on student achievement in
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mathematics.
6. What gender benefits the most from manipulative materials?
SUMMARY
Algebra is a necessity in solving technology problems in today’s
computer space-age society. It is also ‘Ihe language which most of
mathematics is communicated" (Curriculum, 1989, p. 150). The National
Research Council (NRC) perspective is “mathematics must become a pump
rather than a filter in the pipeline of American education” (NRC, 1989, p.7) in
order to improve students achievement in mathematics. Due to American
students poor performance in mathematics: we must develop new techniques,
new strategies and new methods for teaching mathematics curriculum that will
assist in excelling our students math achievement. These new techniques and
strategies must include the use of manipulatives which allows teachers to
create situations that draw mathematical responses from children. Such
situations result “in improvement, in motivation, involvement, understanding,
and achievement. According to Herbert (1985, p. 4) this gives overwhelming
reasons why we should believe manipulatives are good mathematics “
(Kennedy, 1986, p.6).
Research studies have shown that “Bridging the Gap” helps one
formulate the concrete to make connections with the abstract when using math
manipulatives. George Bright (1986) continued this argument by stating that
manipulatives hold the promise for helping many students understand
mathematics. Manipulative materials are objectives or things the pupil is “able
to feel, touch, handle, and move. They may be real objects which have social
application in our everyday affairs, or they may be objects which are used to
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represent an idea" (Grossnickle, Junge, and Metzner 1951, p. 162).
Manipulatives maybe classified in categories by there mathematical usage or by
appropriate grade levels. Also, see Appendix D for manipulatives utilized in this
study.
Likewise, recent research indicates that to promote meaningful learning,
mathematics instruction should begin with experiences that are real to pupils,
thereby progressing to the symbolic level ( e. g., Baroody 1987; Davis 1984 ;
Ginsburg 1982) (Baroody 1989). Hynes(1986) and Rey (1971) both agree that
both pedagogical and physical criteria should be considered when selecting
the manipulatives. The use of manipulatives must not be the goal of
mathematics instruction. The role of manipulatives should be to help students
understand (and remember) concepts so that they are able to problem solve
and apply mathematics. Once understanding has been developed,
manipulatives should no longer be used.
Manipulatives need not be expensive. Items such as dot paper, graph
paper, popsicle sticks, beans, containers, glue, colored bingo markers, rubber
bands, drinking straws and pipe cleaners, used imaginatively, are as effective
as commercially prepared materials (Albert, 1988).
Much research into manipulative materials and the benefits for children
has been conducted over the years. Although no single study validates the
claim that children should use manipulative materials as they learn
mathematics, the collective message garnered from many studies is the
materials are worthwhile (Kennedy 1986). On the other hand, limited research
has been done on the effects of using manipulatives to teach mathematics in the
secondary classrooms.
In knowing about students beliefs, attitudes, and emotions toward
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mathematic, manipulatives assist teachers in reducing the mathematics anxiety
students experience: also teachers will be able to encourage more students to
continue their study of mathematics beyond the minimal requirements in high
school (Brush, 1981). Berebitsky (1985), Gattuso & Lacases (1987) and
Hembree (1990) all agree that beliefs, attitudes, and emotions are involved in
the development of mathematics anxiety. Clute (1982) and Hembree (1990)
has confirmed that mathematics anxiety is related to poor performance in
mathematics and that a variety of treatments are effective in reducing
mathematics anxiety and improving performance. Several studies have shown
that high achievements in mathematics is related to low anxiety for students
from grade school through college (Callahan & Glennon, 1975; Crosswhite,
1972). In finding a solution Brush (1981) and Arem (1994) gave insight on
how to reduce mathematics anxiety. Attitudes toward mathematics may be
changed and improved, by making changes in classroom practices; such
changes, accompanied by encouragement on the part of the teacher will lead
more students to enroll in mathematics courses beyond those required. Today’s
public schools are focusing on making math meaningful and fun Kay Toliver
(Ryan, 1994) and Anne Reynolds (Gibson, 1994) offers suggestion on
capitalizing kids enthusiasm about mathematics.
In short, Sowell (1984) offers assurance that ‘the effects of student
achievement and attitudes of using manipulative materials in mathematics
instruction.. . . Shows that mathematics achievement is increased through the
long-term use of concrete instructional materials and that students attitudes
toward mathematics are improved when they have instruction with concrete
materials provided by teachers knowledgeable about their use” (Sowell, 1989,
p.498).
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The major purpose of this study was to explore the effects of mathematic
manipulatives on student achievement in high school Algebra I. A second
hypothesis was also studied to see if student attitudes towards mathematics
was improved with the use of manipulative materials in mathematics. Two
groups of Algebra I were studied: The control group (N=51), which was
instructed through the use of math textbook (traditional) for sixteen weeks {1st.
semester): the experimental group (N=47), was instructed using mathematic
manipulatives. Two teachers implemented this study. The principal investigator
and another teacher. Each teacher taught an experimental and control group.
The large urban high school system, End-of -Semester Standardize Test for
Algebra I part 1 was used to measure math achievement (pretest/posttest).
The QSDI was administered to measure growth in student attitudes, beliefs,
and disposition about mathematics and math class (pre/post). The Comparative
Experimental Approach Method and the Dick and Carey’s (1985) systematic
approach model to instructional design was used.
A one-way analysis of variance was used to test both hypotheses. The
.05 level of confidence was used. The results of the study indicated that using
manipulative materials for math instruction was no more effective than teaching
math with the use of a traditional textbook. The statistical results showed there
were no statistically significant difference on the post-test between the control
and the experimental group mean scores. This study indicated that by
using manipulative materials for math instruction was more effective in
changing student attitudes, beliefs and dispositions towards mathematics than
teaching with the uses of a traditional textbook. Manipulatives increased
student motivation: develop positive attitudes: created excitement about the
learning of mathematics: and reduced mathematics anxiety. The changes in
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attitudes seemed to have taken place once the students saw that you have to
experiment with mathematics. This increase in motivation will contribute to
high achievements in mathematics: and encourage students to enroll in
mathematics course beyond those required.
APPENDIX A
MATHEMATICS MANIPULATIVES
This Appendix attempts to organize the abundance of math manipulatives. It
lists materials found in catalogs form several different companies. Many
companies supply the same type of manipulatives but, the manipulative name
may change. The materials are classified under 11 genreal categories, which
are listed below. An explanation of matrials found in each category is included
under the category’s title, whenever the title itself is not self-explanatory.
A. Colored Rods, Blocks, Beads and Discs (Also includes
pattern blocks and attribute blocks)
B. Manipulative devices for the teaching of counting and
sorting
C. Manipulative devices for the teaching of place value.
D. Manipulative devices for the teaching of mathematical
operations and fractions. (Also include devices for working
with percentages and decimals)
E. Number boards and Demonstration boards
F. Cards and Charts
(Includes flash cards, activity cards, mobiles, manipulative




(Includes tools for linear measurement, materials for measurement
of area and volume, construction devices, e.g. compass, etc.)
H. Model of Geometric Relationship
(Includes plane figures, solid figures, conic section, polyhedra, trig
models, problems dealing with geometric relationship, and some
“make your own” kits)
I. Math Games and Puzzles
J. Calculating machines and computational devices
(includes slid rules, trig devices, tables, hand calculators, desk
calculators, computers)
K. Video and Films
A. Colored Rods, Blocks, Beads and Discs (Also includes
pattern blocks and attribute blocks)
Algeblocks help students make the connection between concrete and
abstract algebra concepts. The precision-made, color-coded plastic blocks
represent variables, x, x^, x^, y, y^.xy, as well as unites and constants. Three
workmats provided space to explore integers, variables, and algebraic
equations in each of the four quadrants in the Cartesian plane. Specially-
designed track allows students to use factors and represents polynomial
models. These tracks are perfect for introducing concepts for pre-algebra and
First-year students alike, these manipulatives bring new levels of understanding
to this subject.
Pattern Blocks investigate geometric forms and relationships, explore
patterns, symmetry, measurement, fractions, problem solving and exercise logic
and sorting skills.
80
Dice numeral dice have large black numerals printed, polyhedra dice 4-,
6-,8-, 10-, 12-, and 20-sided, decahedra dice numbered 0-9, dodecahedra
dice numbered 1-12, octahedra dice numbered 1-8 and dot dice.
B. Manipuiative devices for the teaching of counting and
sorting
Farm Animal Counters , Farm Animals Counters and Fruity Fun
Counters sturdy plastic counters used for counting, sorting, and measurement
activities.
Two-color Disk Counters are used for counting, patterning, fraction and
probability activities with flannel manipulatives.
Popsicie Counting Sticks and Tongue Depressors are wooden sticks
which can be stacked and manipulated for counting, sorting, and place value
activities (tongue depressors).
Link ‘N’ Learn are brightly-colored plastics. Links help teach sorting set
theory, counting, measurements, basic arithmetic operation, and place value.
Pieces easily connect and separate.
Dinosaur Counters soft rubber dinosaurs which spark interest in everything
form counting and sorting to science activities.
Bean Counters are dark red on one side and white on the other, two colored
bean counters are great for introducing basic operations, solving equations,
preforming operation with sign numbers and probability.
Jewels plastic beads are for counting and for concrete activities involving all
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primary operations.
Beads and Buttons Add a new dimension to sorting activities. Encourages
sorting and classifying patterns, spatial relationships, graphing, and problem
solving: a wealth of learning experiences.
Count and Compare Math Blocks hardwood blocks show fruits, dots,
signs and numbers to illustrate number relationships. Easy to manipulate self¬
corrective cubes encourage sorting, counting, number sense, addition, and
subtraction discoveries.
Color Wooden Cubes are excellent manipulatives for sorting, and basic
math exercises. The cubes are useful at all levels as a basic classroom tool.
C. Manipulative devices for the teaching of place value.
UnifIx Cubes for Place Value reinforce place value to one million with
cubes in seven colors. Each color is marked one, ten, hundred, thousand, ten
thousand, hundred thousand, and million.
Base Ten Blocks demonstrate place value in operations with whole numbers
and decimals, this provides versatile, “hands on” experience that promote true
understanding of place value and numeration.
Popcubes promote creative problem solving. Easy-to-manipulate, 2cm cubes
in ten bright colors connect to encourage hands-on investigation of early
number concepts, measurement, estimation, patterns, surface area, volume,
graphing, and geometry. Easy joining mechanism allows even small children to
take part in math exploration.
Mathlink Cubes students will eagerly investigate important math concepts
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with 2cm plastic cubes that easily connect on all six sides. Brightly-colored
cubes will stimulate student participation in activities involving sorting,
classifying, patterning, counting, basic arithmetic operations, and problem
solving.
Multilink Cubes explore the math concepts of measurement, spatial
awareness, three-dimensionality, symmetry, probability, and the four basic
operations with these versatile brightly-colored plastic cubes. Cubes interlock
on six sides and are 2cm3.
Cuisenaire Rods help students bridge the gap form concrete manipulation
to abstract thinking. Colorful plastic colorful rods can be used to spark interest
through investigations and visual confirmations of math concepts, the basic
operation, fractions, and decimals.
Place Value Cubes colored number cubes promote place value
explorations and number discovery. The wooden dice in four colors allows
identification of place value by color.
D. Manipulative devices for the teaching of mathematical
operations and fractions. (Also include devices for
working with percent and decimals)
DecimalMods model decimal fractions with plastic pieces that show ones,
tenths, hundredths, and thousandths. These decimal mods build mastery of
decimal place value relationships and operations. Students use block pieces to
extend understanding of base ten and develop a solid foundation for future work
in fractions, percentage, and algebra. Blocks are made of precisely-scored,
blue plastic and include flats (ones), rods (tenths), cubes (hundredths), and tiled
(thousandths).
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DecimalAbacus build a strong understanding of decimal place value using
expandable abacus. Two three-peg abaci, base board, 6 set of tactile numbers,
5 counters, 60 counting pieces, and 2 header cards combine to form a working
abacus with a range form 1000 to .001.
Percent Dominoes, Clock Dominoes
Pre-Algebra Wrap-Ups are designed specifically to reinforce Algebra skills;
addition and subtraction of negative numbers; multiplication and division of
negative numbers; solving for unknown variables; algebraic expressions;
combination of mental math, prime factoring, perfect squared, and volume/area
formulas. With these self-correcting boards, review and practice of basic skills is
as easy as - solve the problem, wrap the stings around the correct answer, and
check the back.
Hands-On equations patented by Dr. Henry Sorenson. This innovated
program offers a simplified concrete approach to learning about algebraic linear
equations. Students in grades 4-9 use the game to physically build a given
algebraic equations and the solve it through manipulation of the pieces.
Color Tiles encourage problem-solving abilities and develop the language of
math while exercising skills in number sense, factoring, operations, perimeter
and area, fraction, sampling, and data collection. Also, exploring patterns and
numerical representations by grouping plastic 1 ” tiles into rows, columns, array,
and two-dimensional shapes.
Number Cubes colored cubes are used as “place value” dice.
Fraction Dice reinforce fraction concepts, equivalence, and operation with
games and activities. Dice display; 1,1/2,1/3, 2/3.1/4, 3/4,1/6,5/6,1/8,3/8, 5/8,
7/8, 1/12, 5/12, and 7/12.
84
Fascinating Fibonaccis by T. Garland leads students in grades 6-12 in
exploring the mystery and magic of Fibonacci numbers and ratios. Fibonacci
numbers also, include the discussion of relationships between the Fibonacci
sequence and the Golden Section.
Deiuxe Rainbow Fraction Squares introduce and discover fraction
concepts with colorful plastic pieces that represent halves, thirds, fourth, fifths,
sixths, eighths, tenths, twelfths, and whole. Other type of fraction manipulatives
are; Fraction Circles, Magnetic Fraction Squares , Magnetic Fraction Circles,
Rainbow Fraction Tiles Set, Geometric Fractions, Fractions Math Dominoes ,
Pizza Party, Fraction Tiles, Fraction Bars ,and Fraction Pattern Blocks.
Number iines visually explain basic concepts in counting, adding and
subtracting.
Math Baiance encourage students to do creative explorations of number
relationships. This sturdy balance offers children tangible evidence of such
concepts as greater than/less than, the four arithmetic operations, and fraction.
By hanging weights, combination which “balance” the beam.
Dice for number games, probability experiments, and math exercises.
Operations Dice combine the dice with numeral, place value, or dot dice for
math facts practice. Students practice operations skills and develop number
sense. Set of six dice are labeled with +, -, x, /, <, and = symbols.
E. Number boards and Demonstration boards
Hundred Board provides a sequence of number from 1 to 100; problem
solving on the hundred board encourages students to look for patterns,
understand place value, calculate mentally, reason logically and develop
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operation skill plus the multiples of 2, 3, and 5.
Magnetic Board mWe-on, wipe-off magnet boards. Use with magnet
manipulatives or dry-erase markers.
Flannel Boards are used with flannel manipulatives.
Money Charts encourage discussion of coin names and value; practice
counting change; and solve word problems. The chart has velcro sewn to it;
which adjusts to sticky backed velcro coins.
Students Chalk Boards are ideal for individual work from number writing to
problem solving. Durable lightweight boards are easily erased and have
washable surfaces.
Place Value Boards demonstrate place value, numbers to billions, decimals
to four places, and number bases below ten.
Percentage Charts visually introduce subjects many children find difficult.
Five charts demonstrate percentage concepts as they relate to fraction,
decimals, graphs, and discounts.
Calendar Learning Board colorful, magnetic board calendar aids children
in understanding time concepts of weeks, months, years, and seasons. Grades
k-3.
Weather Board sturdy teaching tool displays daily weather conditions.
Flannel Boards are used with flannel manipulatives.
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F. Cards and Charts
(Includes flash cards, activity cards, mobiles,
manipulative charts, bulletin materials, etc.)
Telling Time Cards self-corrective die-cut cards help youngsters learn to tell
time.
Link ‘N’ Learn Activity Cards encourage students to join links and learn
patterning, color discrimination, and logic skills.
Beads and Pattern Cards develop shape and color discrimination skills as
children string colorful, wooden beads (spheres, cubes, cylinders). Youngsters
will learn sequence and recognize attributes.
Flash Cards timeless drill-and-practice math tool is a must for every
classroom. Basic arithmetic operation cards come in horizontal and vertical
formats with blank answer forms on one side; the complete equation on the
other side.
Visual Mathfacts See-through counters teach all combinations of addition
and subtraction facts of numbers 1 -10. Students shake the counter to form
number sentences. Addition equation shows on one side; subtraction on the
other.
Math Dominoes provide individualized and small group drill and practice for
basic operation plus fractions. It is self-corrective, self-directive supplemental
material encourages learning through play! Drill is the basics in addition,
subtraction, multiplication, and division.
Learning Wraps-ups a refreshing change for flashcards! Students learn
operations tables effortlessly with these handy plastic boards. The string wraps
from the problem on the left to the answer on the right, and self-checks with the
answer key lines on the back. Ideal for individual and remedial help.
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G. Measurement Devices
(Includes tools for linear measurement, materials for
measurement of area and volume, construction devices,
e.g. compass, etc.)
Triple Beam Balance precision scale has three clearly visible beams: 10g,
100g, and 500g: each with its own sliding mass piece. A stainless steel pan is
15cm in diameter. Agate bearings insure accuracy. Ideal for measurement and
science studies in middle grades through high school. Other types of balances
are Beginner’s Balance, Simple Scale, Stacking Balance, Primary Rocker
Balance , Personal Metric Scale, and Dual-Dial Platform Scale.
Spring Scales are calibrated in grams and ounces for measurement of
mass. Zero adjustment dial enhances accuracy.
Customary Weight Set Hexagonal metal masses easily stack and won’t roll,
making weight and mass measurement investigations frustration-free. Metric
Mass Pieces and Centimeter Cubes are other weights.
Rolling Ruler\s graduated in customary and metric intervals. Vertical,
horizontal, and parallel lines; angles, circles, and graphs are easy to create with
these rolling drawing tool. Other types of measurement devices Diameter
Gauge, Giant Metric Caliper, Caliper/Depth Gauge, Bow Caliper; Flexible
Meterstick, Folding Meterstick, Meterstick, Yardstick/Meterstick, Growing Gauge,
Tape Measure, Metric Ruler and Beginner’s 12” Rulers are linear measurement
devices.
Volume Measurement devices Metric Graduated Beakers, Metric Spoons,
Graduated Measuring Cylinders, Liter Cube, Clear Plastic Geometric Volume
Set.
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Temperature Measurement devices Barometer, Celsius thermometers, and
Wall Thermometer.
Magnetic Money larger-than-life, proportionally-sized magnetic currency is
realistically detailed and colored. Cash denominations are depicted as both
heads and tails. Includes 10 pennies, 10 nickels, 10 dimes, 4 quarters, 2 half-
dollars, 5 ones, 2 fives, 2 tens, 1 twenty, 2 plus signs, 2 minus signs, and 4
equal signs. Calculator Cash Register, Coin Matching Cards and Paper Money
Set are all money manipulatives.
Clock Other type of clock manipulatives are; Movable Clock, Tell Time
Quizmo, Digital Demo Clock
H. Model of Geometric Relationship
(Includes plane figures, solid figures, conic section,
polyhedra, trig models, problems dealing with geometric
relationship, and some “make your own” kits)
Magnetic Money larger-than-life, proportionally-sized magnetic currency is
realistically detailed and colored. Cash denominations are depicted as both
heads and tails. Includes 10 pennies, 10 nickels, 10 dimes, 4 quarters, 2 half-
dollars, 5 ones, 2 fives, 2 tens, 1 twenty, 2 plus signs, 2 minus signs, and 4
equal signs. Calculator Cash Register, Coin Matching Cards and Paper Money
Set are all money manipulatives.
Clock Other type of clock manipulatives are: Movable Clock, Tell Time






I. Math Games and Puzzles
Three Bear s Family Fun Set this game is an integrated language and
math skill. Children participate in activity learning, counting, sequencing,
estimations, addition and subtraction.
Owl Number Puzzle Number words 1 -15 are spelled out and corresponding
dots can be counted under each numeral piece.
Multicultural Math Game Games from around the world share different
cultures and reinforce mathematical reasoning abilities.
Checkers & board demonstrate
Tic-Tac-Toe demonstrate
Baseball card Grand Slam integrating reading, math, and geography skill
with baseball provides reinforcement of basic curriculum concepts. This game
can be played at five levels of difficulty simultaneously. Players may use their
own collection of baseball cards and answer questions during the game.
Abalone Challenging strategy game combine the rules of chess and Chinese
checker. As students try to force their opponent’s marbles out of the game, they
exercise logic, spatial, and cognitive skills.
Math Pursuit, Smarty, Mathmemory and What’s What? are color
games that encourage review of basic math concepts.
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Primarymoney Chase children learn to recognize equivalent combination
of pennies, nickels, dimes, and quarters. Fun and competitive game
encourages children to make a decision that will help them reach their goal.
Plastic Mirrors help teach symmetry and allow students to explore the
repetition of patterns.
Geoboard help teach symmetry and allow students to explore the repetition of
patterns, shape, design, spatial relationships, angles, fractions, area, perimeter,
symmetry, and coordination.
Tangrams encourage exploration of basic geometry concepts and
relationships.
Tessellations colorful shapes fit together to form intricate patterns and
designs. Tessellation activities encourage pattern making, reinforce shape,
recognition and exercise coordination skills.
Pentominoes promote hands-on geometric problem solving.
Poiysymetrics students create geometric patterns built form “tiles” which can
be squares, triangles, or hexagons. Students are able to design the “tiles” and
fit them together to make the finished pattern.
Math Challenge Puzzle a student practice problemsolving and visual
perception. This challenging Pentominotype puzzle is 3/8” thick plastic. Eight
pieces, eight colors.
Puzzle Cubes a foam piece in rainbow colors invite both two-and three-
dimensional exploration. Use six pieces to construct a cube, combine colors to
build larger structures, and then reassemble the pieces correctly into the foam
mats.
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Slides, Flips, and Turns help students develop skills in deductive logic,
spatial awareness, and geometric concepts of translation, reflection, and
geometric concepts of translation, reflection, and rotation with symmetry
activities. Shapes are drawn on a grip so the required transformations can be
easily visualized.
J. Calculating machines and computational devices
(includes slid rules, trig devices, tables, hand
calculators, desk calculators, computers)
Calculators
Drillmaster, Skillmaster, Math-To-Go, Casio SI-450 student calculator, Casio Az-
45F Fraction Calculator, Casio fx-991 h Scientific Calculator and Texas TI-81,
Texas TI-85 and others.
Wild WestMath Entertaining characters form the American frontier motivate
students to work on a wide range of computation skills and math concepts.
Three disks of exercises include “less than” and “greater than” symbol work,
completing number sequences, solving basic math facts, and problem solving.
Fraction Tutorial Five fraction operations are covered: simplification,
addition, subtraction, multiplication, and division. Includes mixed and simple
fractions like and unlike fractions.
Geometry Concepts Learn the language of geometry through informative
lessons which included basic concepts, angles, triangles, circles, area,
perimeter, planar figures, and solid figures. Also included is a step-by-step
demonstration of five basic constructions.
Beginning Geometry introduces basic geometry concepts using a
geoboard and simulated tangrams. Stressing geometric vocabulary, the
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program provides drill and practice in measurement, find area, and perimeter of
geometric figured.
Calendar students choose from three lessons: Days and Months, Seasons,
Special Days, and holidays; when using a Calendar. Teachers select either
multiple choice or fill-in-the -blank format. Students who score a given percent
are rewarded with an arcade game.
Algebra Concepts simulated algebra tiles develop understanding of integer
operation, factoring, binomials, and trinomials. Menudriven, game format.
Alien Addition Provide practice in addition of numbers 0-9. Complete
package includes diskette.
Minus Mission Students practice subtracting numbers 0-9. Package
includes diskette. Teacher’s Manual, duplicating masters, progress sheets, and
fullcolor flashards.
MeteorMultiplication Students learn multiplication facts for 0-9. Includes
diskette. Teacher’s Manual, duplicating masters, progress sheets, and full-color
flashcards.
Demolition Division gives students an opportunity to practice the division of
numbers with answers 0-9 with this colorful, highly motivating program.
Includes diskette. Teacher’s Manual, duplicating masters, progress sheet, and
flashcards.
Math Leap Frog provide drill with number facts. There are four levels in
adding number 1-9, and 12 levels with division facts 0-9.
Rounding Students choose from six lessons in rounding whole numbers and
four lessons in rounding decimals. They are rewarded with an arcade game.
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The World Problem Game Show use the format of a popular television
game show to provide motivating practice in solving word problems. Students
who correctly solve a problem use the money they earn to buy a letter in a
mystery word or phrase. The game may be played by one or two students.
Money students choose one of four difficult levels and an activity: count
Money, Can You Buy?, Select the Fewest Coins, and How Much Change?
Shopping Strategies students buy groceries by figuring unit price, applying
coupons and specials, and correctly making change. At the Mall: Students
figure discounts and sales tax.
Budgeting students figure their average monthly income, their fixed and
variable expenses, and their total monthly income. Using a Budget: Cover
savings, figuring extra income, and reducing expenses. Other
Math For Successful Living computer software are Buying On Credit and
Managing A Checking Account.
Perimeter, Area, And Volume students choose a skill level: Perimeter of
Polygons, Circumference or area of Circles, area of Rectangles, Triangles, and
Trapezoid: and Volume of Prisms and Cylinder.
Time students choose one of four difficulty levels ranging from hours to five-
minutes intervals. Choose one of four activities: set clock hands given digital
time, set clock hands given words, type digital time given clock hands, given
words, type digital time given words.
Fractions provides drill and practice with fractions followed by an arcade-
style reward game for students who score a given percent. Other Fraction
computer software are Introduction to Fractions. Addition and Subtraction and
Multiplication and Division.
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Hands -On Math Software, Volume 1 simulated activities use Counter,
Tiles, Chip Trading, Cuisenaire Rods, Geoboards, and Tangrams for experience
with number concepts, basic operations, place value, geometry, and fractions.
Hands -On Math Software, Volume 11 simulated activities use Two-Color
Counters, Tiles, Mirrors, Attribute Blocks, and Base Ten Blocks for experiences
with basic operations, probability,symmetry, and logical thinking.
Hands -On Math Software, Volume 111 simulated activities use the
Hundred Board, Graphing, Number Balance, Dominoes, and Fraction Bars for
experience with fractions, graphing, patterns, problem solving, and simple
equations.
Tangrams Puzzler Computer Program uses seven geometric shapes cut
from single squares, students arrange the pieces to duplicate a given figure.
Stimulate geometric intuition and visual perception in students.
Base Ten Blocks manipulative activities give students a meaningful
introduction to the numbering system: Chalkboard gives meaning to addition
and subtraction: Mosaic Tile uses base ten groups as a patterning toll; Mystery
Numbers teache problem solving with number clues; Blackholes is an exciting
number pattern game.
K. Video and Films.
Kingdom of Wisdom students work cooperatively to solve math problems in
order to complete the video story. They combine math, reading, and a great
adventure.
Math Rock Countdown For Multiplication & Division builds based
multiplication and division skills and develops strategies for problem solving.
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50 minutes. Grades 3-7.
Hip Hop Multiplication music video featured basic multiplication facts.
Eight songs combine live-action dancing, colorful graphics, and special effects
to teach Zero, Identity and Order Properties, Square Number, Multiples of 5,
Multiplication doubles, multiplying by 9, and The Hard Facts.
Fizz & Martina Buddies For Life encourage cooperation and cross¬
curricular learning with math sessions that utilize the kits.
See You Later, Estimator! colorfully illustrated, compelling estimation
problems encourage students to make educated guesses about numbers in
different formats. Other math videos Percents, Decimals, Fractions, Pre-
Algebra, Basic Geometry, BasicWork Problems, and Basic Number Concepts
by Video Tutor; Advance Math Videos, Algebra Math Video Series, and Tell Me
Why?
Math Through Manipulatives by M. Broker 35-minutes video increases
number awareness through the concrete use of manipulatives in place value,
problem solving estimation, patterns, and basic math facts. Grades k-5.
Real Life Math Fraction Services provide over 3 hours of full-color, live-
action introduction and illustration of fraction. Includes practice in operation
with fractions, reinforces concepts of equivalency, and challenges problem¬
solving skills with word problems. There is also. Real Life Math Percent Series,
electronic
TutorMoneyMachine provides comprehensive coverage of money skill
development; recognizing and counting currency, making change, operational
manipulation of currency, selecting coins, and monetary notation. Music and
sound effects provide encouragement. Grades K-6.
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Manipulatives for mathematics may be obtained from the following suppliers.
Write for copies of their latest catalogs.
Creative Publications
5040 West 111th Street





MLC Math Learning Center
P.O. Box 3226
Salem, OR 97302
Couisenaire Company of America, Inc.
12 Church Street, Box D
New Rochelle, NY 10802





Ft. Collins, CO 80522
Dale Seymour Publications
P.O. Box 10888
Palo Alto, CA 94303
Learning Resouraces
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COMMERCIAL GAMES THAT MEET
CURRICULUM AND EVALUATION STANDARDS
Mathematics*related board and card games
Game name PUce
NCTM Standard (Grades 5-4)
Price 1 2 3 4 5 6 7 8 9 10 11 12 1 U
Aggravation S S 9^6 X X X X X X X
Backgammon S S 12.99 X X X X X X
Battleship S S 11.99 X X X X X X X X X
Checkers s S 2.87 X X X .X X
Chess s $ 3.99 X X X X X
Chess Teacher s $1Z99 X X X X X
Chinese Checkers s $ 2.99 X X X X
Clue s S 9.99 X X X X X
Concentration s $1Z99 X X X X X
Connea 4 s i 9.99 X X X X X
Deck of Cards s $ .99 X X X X X X X X X X X X
Dominoes s $ 3J8 X X X X
Life s $11.99 X X X X X X X X
Magnet (checkers, chess,
and backgammon) s $ 6.99 X X X X X
Master Mind s $ 8.99 X X X X
Match 4 s $ 3.« X X X X X X
Monopoly s $ 9.99 X X X X X X
Othello s $12.99 X X X X
Parcheest s $ 9.99 X X X X
Feme s $U.99 X X X X X
Perfection s $15.99 X X X X
Risk s $17.87 X X X X X X
Rummikub s $ 9.99 X X X X X X X
Simon s $29.97 X X X X
Skif^ s ■ $ 6.79 X X X X X X
Snapshot s $ 19.95 X X X X X
Sorry s $12.87 X X X X X
Spirograph s $ 8.96 X X X X X
Stratego s $ 9.99 X X X X X X
Teascfs s $ 9.99 X X X
Tic Tic Toe s $. 2.99 X X X X
Tic Tac Turn s $ 9.98 X X X X
Triominoes s $ 6.96 X X X X
Triple Yahtzee s $ 7.97 X X X X X X X X X X
Uno s $ 4.49 X X X X
Yahtzee s $ 4.95 X 1 X X 1 X 1 X X X X X 1
Travel size: 1 1 1 1 1
Battleship 1 " $ 6.97 X 1 X X 1 X 1 1 X X X 1
APPENDIX C
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COMMERCIAL GAMES THAT MEET
CURRICULUM AND EVALUATION STANDARDS
Mathematicsfclated board and card games
Game name PUce Price
NCTM Standard (Grades 5-8)
1 2 3 4 5 6 7 X 9 10 11 12 u
Connea 4 s S 6.47 X X X X X
Drive Ya Nuis S $ 5.99 X X X X
Simon s *2199 X X X X X
Yahtiee s S 2.99 X X X X X X X X X X
Division m
Contig 60 p S 9j00 X X X X X X X X X
FAB p * 9M X X X X X X X X X X
Juggle p . S 8j00 X X X X X X X X
Queens and Guards p $ 6.00 X X X X X
Stan & Ban p * 13.00 X X X X X X X
Division (V
Frac Fact p *12.00 X X X X X X X X X X
Fraction Pinball p * 5.00 X X X X X X X X X X
Pent ‘Em In p *1100 X X X X X X X X
Prime Gold p *10.00 X X X X X X X X
Remainder Islands p * 10.00 X X X X X X X X X
MulticulturalMathematics
Materials include: N * 6.00
Dieidel N X X X X X X X
Five field ko-no N X X X X X
Konane N X X X X X
Ko-no N X ■X X X X
Lulu N X X X X X X
Nine men's morris N X X X X X
Patolli N X X X X X X X X
Senei N X X X X X X
Tangnms N X X X X X X X X X X
Tapatan N X X X X X X
Totolopsi N X X X X X X X
Wan N X X X X X X X
Multictdiural Fosters
andAarixriex mcUide: N * 9X)0
Nine men’s morris N X X X X X
Owate N X X X X X X
Soma cubes N X X X X X X X
Tangrams N X X X X X X X X X X
Towerof Brahma N X X X X X X X X
Note: S s store bought




COMMERCIAL GAMES THAT MEET
CURRICULUM AND EVALUATION STANDARDS
Curriculum and Evaluation
Standards for Grades 5-8
1. Mathematics as Problem Solving
2. Mathematics as Communication
3. Mathematics as Reasoning
4. Mathematics as Connections
5. Number and Number Relationships
6. Number Systems and Number
Theory
7. Computation and Estimation










USED IN THIS STUDY
This Appendix describes the mathematical manipulatives utilized in this study.
The manipulatives are classified under eleven general categories. An
explanation of materials found in each category is included under the
catergory’s title, whenever the title itself is not self-explanatory.
A. Colored Rods, Blocks, Beads and Discs
Learning With Algebra Lab Gear
Because algebra is an extension of arithmetic, the Lab Gear has been
designed as an extension of arithmetic Base Ten Blocks. The Lab Gear is
completely compatible with Base Ten Blocks. “The Lab Gear is an extension of
the development of algebra manipulatives that has taken place over many
years. Zolton Dienes, who was an early promoter of Base Ten Blocks, was the
first to see their potential as a manipulative for algebra. Mary Laycock extended
his ideas in work with multi-base blocks and popularized the “upstairs”
representation of minus. Peter Rasmussen came up with the important idea of
an x-block that is not a multiple of 1 and with the precursor of the corner piece”








Develop concept of integers
* Extend computation ability to sign numbers
*
Develop concept of variables, expressions, and
Concepts and Skills
equations
* Use a model to simplify expressions
* Use a model to factor equations
* Use a model to solve equations




Extend and analyze patterns
Explore area, perimeter, volume, and surface area’
(Hoogeboom, Goodnow 1990, p. 107). Illustration of the Lab Gear parts in
Appendix B Figure 5. The Lab Gear gives students an unparalleled concrete
model for developing mental images as they learn Algebra.
Learning With Pattern Blocks:
Exploring with Pattern Blocks offers students rich opportunities for
informal exploration of geometry. As students use the blocks to construct
polygons and investigate symmetry, they develop an awareness of the
properties of geometric shapes and of relationships between the shapes. They
use the language of geometry shapes and represent problems and solutions in
a variety of ways, including algebraically. “The Pattern Blocks are especially
useful in teaching and reinforcing:
Math Strand Concepts and Skills
* Identify, describe, and classify geometric shapes
* Use geometric shapes to make other shapes
Predict results of combining and changing shapes
*
Investigate angles and angle sums of polygons
Geometry
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Explore the concepts of congruency and similarity
Explore tiling the plane and filling of space
* Construct shapes with line symmetry, demonstrate
lines of symmetry






* Measure the area and perimeter of a shape, using
nonstandard units
*




Explore number relations and patterns
*
Identify patterns in number sequences
Algebra * Solve algebraic equation, using concrete models
Reasoning * Develop analytical, logical, and spatial reasoning
(Hoogeboom,Goodnow 1990, p. 107).
See Appendix A for other colored rods, blocks and disc manipulatives.
B. Manipulative devices for the teaching of counting and
sorting
Learning With Counters
Beans, two-color disk, popsicle sticks, tongue depressors, jewels, buttons
and etc . . . all can be used to reinforce counting, comparison, additions and
subtraction skills, counters may be used to illustrate properties of multiplications
and proving number properties e.g. addition property of equality. See Appendix
A for other types of counters.
C. Manipulative devices for the teaching of place value.
Learning With Hands on Base Ten Blocks:
Base Ten Blocks enriches students understanding of our base ten
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number system. It also allows the student to make and cover shapes to find
solutions, count by ten and one, find numbers and geometric patterns, use
symbols to represent blocks and numbers, find numbers from clues; finding
many ways to show a number, using devices and patterns to find numbers and
solve problems. See Appendix A for other types of place value manipulatives.
D. Manipulative devices for the teaching of mathematical
operations and fractions.
Learning With Fraction Circles:
Fraction Circles provide an excellent model for students to use for
investigating fractional parts of a region. Students can visually compare and
order fractions, discover equivalent fraction, and carry out the operations of
addition, subtraction, multiplication, and division. The Fractions Circles pieces
are specially useful in teaching and reinforcing the :
Math Strand Concepts and Skills
Fractions and * Use concrete models to represent
Decimals halves,thirds, fourths, sixths, eighth, tenths,
and twelfths.
* Find equivalent fractions
* Rename fractions in lowest terms
*






* Add and subtract fraction with like and unlike
denominators
*
Multiply and divide fractions
*
Investigate relationships between whole
numbers and fractions
* Round fractional numbers
As they work with pieces, they discover the relationship between operations
with the concrete model and the algorithms. (Hoogeboom, Goodnow 1990,
p.51).
Learning With Naoiers Bone:-.
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It is often very difficult to encourage secondary school mathematics
students to practice the basic multiplication processes that needed
strengthening. Unfortunately, they consider this “babyish” and beneath them,
especially at the junior high school level. Napiers Rods or Napiers Bones
(Krulik, 1971) as they are often call, is a method of multiplication which
immediately preceded our present method most known as the lattice method.
The lattice method at one time was the popular method of multiplication in
Europe. This continued until the invention of printing. Since the lattice was
difficult to print, it was replaced by Napiers Bone. The great Scottish
mathematician, John Napiers, adapted the lattice method of multiplication to an
ingenious device known as Napiers bones. These bones had a great popularity
and were extensively used for many years. A set of Napiers bones can be
constructed on heavy cardboard, tongue depressors, or popsicle sticks. These,
of course, would have two faces. For this purpose, only one face of the stick
needs to be used. The students are quite interested in the concept of these rods
as an early introduction to the computer age. A set of the bones is shown
Appendix B Figure 6 (Brandes, 1975 p.220).
Learning With Tac-Tiles
Ed Antosz(1987) names what was previously known as Tac-Tiles and
presently known as Algebra Tiles. Tac-Tiles consist of squares and rectangles
which come in different sizes and shapes. Each piece is colored blue on one
side and yellow on the other. The various pieces are used to represent
numbers, positives and negatives as well as fractions, variables in algebra and
polynomial expressions. The most natural progression when using Tac-Tiles is
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to let children play with them. Allow the student an opportunity to become
familiar with the material at hand. The next step is to develop rules for
arithmetic and finally the rules for algebra and polynomial arithmetic (Antosz
1987). Williams (1978) also makes reference to binomial tags. The object of
this activity is to match missing binomials so that all five equations are correct
when the student is finish. Such an activity affords an abundance of meaningful
practice, and the use of “binomials" gives a problem-solving flair- a guess and
check strategy can be used (Williams, 1986).
Other manipulatives for the teaching of mathematical operations are as
follows: "Eratosthenes lived about 230 B.B. His “sieve” is a mechanical
methods for locating all prime integers less than a given integer, n, and can also
be used to find pairs of so-called “twin primes.” These are prime numbers that
differ by two, such as 17 and 19, or 11” (Krulik,1971 p.18). “The lattice method,
introduced in Italy in 1494 as the Gelosia method, avoided the problem of
carrying during multiplication” (Copeland 1972, p.162). “The sluggard’s rule or
“finger multiplication” is of interest historically: using it one can avoid having to
learn the multiplication tables beyond 5 X 5” (Copeland 1972, p. 160).
E. Number boards and Demonstration boards
Learning With the Hunbres Number Board:
The board demonstrates a variety of important numbers patterns.
Students will be able to grasp key concepts involving order, counting, place
value, and identify number patterns (multiples of 2, 3, 5 . . .) . More advance
students will increase their understanding of graphing, fractions, number theory,
and problem solving.
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F. Cards and Charts
See Appendix A for other types of mathematical manipulatives.
G. Measurement Devices
Learning With A Balance
Balances can be used for various purposes. In the primary grades the
device can be used to illustrate, for example, that 7 + 6 = 3 + 10. At a later
stage, the balance can be used with problems involving levers (Jackson,Phillips
1973).H.Model of Geometric Relationship
Learning With Polyhedral Models
Polyhedral models and their diagrams (right prims and pyramids with
bases that are triangular, square, rectangular, pentagonal, hexagonal, and
octagonal, and possibly the five regular polyhedra). The students will observe
that a relationship exists among the number of vertices, faces, and edges of
polyhedron (V + F = E + 2 ). Students will be able to give the number of
vertices, edges, and faces; and name the shapes of the faces (for a pentagonal
pyramid, the base is a pentagon and the other faces are triangles). Given the
diagrams, students can draw diagrams of the models, build models with straws,
trace all faces of a model on a sheet of paper. The students can make tables
and look for patterns. Polyhedra models give students experience in exploring
and visualizing various representations of geometric objects in a problem¬
solving environment. This also lays the background on how to find the area and
volume of many of these objects (Douglass, Battista 1986).
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Learning With Geoboards
Geoboards offers one of the best opportunities to explore the properties
of shapes. A geoboard is usually a 6 x 6-inch board or plastic square with 25
nails or pegs placed into a 5 x 5 array. Rubber bands can be stretched around
the nails or plastic pegs to create shapes, designs. This device for geometry
allows children to create shapes, designs, and patterns to express ideas about
geometry.
Galton’s Quincunx is a device also called Hexstat, a model that is used
to illustrate the approximation of a binomial distribution, which in turns is an
approximation of a normal distribution (Albertcht, 1973). Models are constantly
being used in thinking. Scholars in different fields uses models to solve
problems. Geologists uses maps and charts; architects design buildings by
using a scale drawing: economists use graphs to find the most efficient
production process. Because much of mathematics is concerned with
abstraction, there is a special need for models in mathematics. Mathematicians
recognize this when they create mathematics. Pythagoras and Euler made
models to assist with mathematics abstraction. “Euler’s development of certain
topological properties of geometric configuration is a good example of a
mathematician’s use of models in creating new mathematics. Euler sought a
solution to the Konigsberg bridge problem. The challenge in the problem was to
find a pedestrian path that would cross each of seven bridges exactly one time”
(Albertcht 1973, p. 235). The above models may all be used to illustrate
geometric relationships.
I. Math Games and Puzzles
Learning With The Tanaram
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Problem solving with tangrams help students develop their sense of
visual and spatial awareness. As students cover shapes with tangram pieces or
measure shaped with a piece, they learn informally about congruence and
measurement. Students can explore the angles of the tangram pieces and
combine pieces to create different angles. Combining tangram pieces to make
new shapes develops spatial visualization. The Pattern Blocks are especially
useful in teaching and reinforcing:
Math Strand Concents and Skills
Geometry * Identify, describe, and classify geometric figures
* Discover relationship between geometric shapes
* Combine geometric shapes to make other shapes
*
Explore properties of quadrilaterals
* Make congruent shapes
*
Recognize different kinds of polygons
*
Recognize convex and concave polygons
*
Identify right, acute, obtuse, and straight angles
*
Develop spatial sense
Measurement * Explore length, area, and angles
* Measure area using a nonstandard unit of measure
* Measure area of rectangles and parallelograms
Patterns and * Identify, describe, and extend a pattern in a
Relationships sequence of figures
Reasoning * Develop logical, spatial, and proportional
reasoning.
Problem solving problems with tangrams help students develop their
logical reasoning skill. Through exploration they discover that there is often
more than one solution to problems” (Hoogeboom,Goodnow 1990, p. 23).
Tangrams consist of a square cut into seven pieces. The pieces consist of five
triangles (two large one medium, and two small), a square and a parallelogram.
The challenge of the puzzle is to reassemble the seven pieces into the original
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square, or into any one or more of the many other shapes that can be formed
(Brandes 1975).
Cut-Out-Puzzles by Brandes (1975) are puzzles that can be cut out and
reassemble to form the original figures or one or more other types of figures.
The five pieces, when cut as diagram, can be fitted together to form a cross,
rectangle, and a triangle.
Learning With The Mobius Strip
An adjunct field to the geometry studied in secondary schools is that of
topology. An entertaining introduction to this relatively new field in mathematics
can be provided for students with the Mobius band or Mobius strip. This device
was discovered by August Ferdinand Mobius, a German mathematician, in
1985 (Krulik 1971 p.113). Topology can be used to solve many puzzles. It can
also be used to make unusual paper models. Other samples of geometric
puzzles can be found as Mathematical Dissection, Krulik’s (1971) Models of the
Regular Polyhedrons, and Area of Circular Region.
Learning With Polvominoes
The first pentomino puzzle was published in 1907. “In 1954, Solomon
W. Golomb introduced the term polyominoes in an article that he wrote for the
American Mathematical Monthly magazine. He defined polyominoes as simply
connected sets of congruent squares” (Krulik 1971, p.93). Polyominoes may be
used to introduce a number of algebra concepts e.g. perimeter and area; a first
experiences in graphing and used to discuss similarity and proportion.
J. Calculating machines and computational devices
Learning With The TI-81 Calculator
The TI-81 is the most popular graphing calculator being used in
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classrooms today and has become an indispensable tool for teaching
secondary mathematics. One of the assumptions on which the NCTM (National
Council Teachers of Mathematics) Standards for grades 9-12 states that
“scientific calculators with graphing capabilities will be available to all students
at all times”. While Texas Instruments has produced even more powerful
graphing calculators, the TI-81 is still the calculator to help you teach
mathematics in the vision of the Standards. Students can explore topics from
pre-algebra to calculus using the powerful features of the TI-81 (Williams,Scott
1993, p ix).
Learning With Computers
Computer-Assisted Instruction, Programming the Computer, and
Computer-Managed Instruction are all a part of learning with the computer.
Bitter, Hartfield and Edward (1898) defines Computer-assisted Instruction (CAI)
as the presentation of subject matter to be learned by the student through the
use of computer. There are several types of computer-assisted instruction
software programs. These programs are usually categorized as drill and
practice programs, tutorial, simulation, and problem solving. Each has strengths
for involving the students’ understanding of mathematics, and students should
have experience with all types of programs (Bitter, Hartfield and Edward 1898 p.
7).
Programming the Computer using BASIC (Beginners All Purpose
Symbolic Instruction Code) and Logo are the two most popular computer
programming languages available on the microcomputer in the elementary and
middle school. Programming is the ability to give the computer directions to
solve a problem or create a design. The language BASIC was developed in the
early 1960s as a conversational type of programming language to match
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English. The intent was to make programming more accessible for people
using computers.
Logo is another popular programming language developed in the 1970s.
It contains two modes; turtle graphics and programming. Turtle graphics allows
you to move a turtle to make designs. Programming is telling the computer how
to solve a program with Logo commands (Bitter,Hartfield, Edward, 1898).
Computer-Managed Instruction (CMI) is defined as a program used for
administrative functions in educational settings by Bitter, Hartfield and Edward.
Software, like computer managed instruction (Bishop, 1982), can help
instructors develop and sustain a continuous, diagnostic record of their
students’ mathematical skills. By reviewing the computer-generated data,
teachers can determine a student’s strengths and weaknesses by the objectives
he or she has mastered. Algebra Blaster Plus and What’s My Angle? by
Davidson: New Math Rabbit and Treasure Math Storm by The Learning
Company are all computer managed instructions. See Appendix C for other
computer managed instruction.
K. Video and Film








Manipulative: . Supplier:.Co t:
Concepts developed or reinforced
Grade levels:
Pedagogical criteria
1. Clear representation of mathematical ideas







4. Manageability and ease of storage












The Three Schools of Thought
Cognitive School Behavioriat School Information Processing School
Puget: BehaviorModification; Thought Processing:
Suges of Development Reinforcement Theory Simuluneous Synthesis
Sensorimotor Immediate Feedback Successive Synthesis
Preoperations Programmed learning
Concrete Operations Learning Stylet:
Formal Operations Bandura: Visual
Social Learning Auditory
Bruner Modeling Tactile










Sensorimotor Birth-2 yi* Actions on objects
Preoperational 2 yrs-6 yis Aaions on reality
Concrete Actions on
Operational 6 yrs-12 yrs operations
Formal Operatioiu on





Enactive Action on reality in concrete
ways without the need for
imagery, inference, or words
Iconic Pictorial need to represent
reality; internal imagery that
stands for a concept
Symbolic Abstract, arbitrary systems
of thought
7a 7b

































1-1 a. Simplify any numerical expression with or without
grouping symbols.
1-1b. Evaluate any variable expressions with or without
grouping symbols.
1-2. Determine the order of operation for a given
expression.
1-3. Find the solution set of an open sentence over a
given domain.
1-4. Represent any numerical relationship stated in
words by mathematical expression or by equation.
1-5. Translate a given word sentence into an equation.
1-6. Solve word problems using the Five Step Method,
write out each step.
1-7. Graph any real number on a number line.
1-8. Identify the opposite and the absolute value of a
given number.




2-1. Use the properties of real numbers to simplify
expressions.
2-2. Use a number line to add any two integers.
2-3. Use the rules for addition to add any two real
numbers.
2-4. Use the rules for subtraction to subtract any two
real numbers.
2-5. Use the distributive property to simplify a given
expression.
2-6. Use the multiplicative properties of 1, 0 and -1 to
multiply any two real numbers.
2-7. Solve problems involving consecutive integers.
2-8. Simplify a given expression using the property of
the reciprocal of a number.
2-9. Use the rules for division to divide any two real
numbers.
SOLVING EQUATIONS
3-1. Use addition or subtraction to solve a given
equation.
3-2. Use multiplication or division to solve a given
equation.
3-3. Solve an equation requiring more than one
transformation.
3-4. Solve problems using the five-step plan.
3-5. Solve an equation having a variable in both sides.
3-6. Solve a problem after arranging its facts in a table.
3-7. Solve a given problem involving cost and value.
3-8. Use the properties of real numbers to prove an
algebraic statement.
POLYNOMIALS AND PROBLEM SOLVING
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4-1 a. Write and simplify exponential expressions.
4-1 b. Use order of operations now including exponents.
4-2a. Define: monomial, bionomial, trinomial,
polynomial, degrees of monomial, and degree of
polynomial.
4-2b. Add any two polynomial expressions.
4-2c. Subtract any two polynomial expressions.
4-3. Mulitiply any two monomial expressions.
4-4. Find powers of monomial expressions.
4-5. Multiply a polynomial by a monomial.
4-6. Multiply any two polynomials.
4-7. Solve a problem using the appropriate formula.
4-8. Solve a given uniform motion problem.4-9. Solve a given area problem.
FACTORING POLYNOMIALS5-1. Factor positive integers into a product of prime
numbers.
5-2. Divide and factor a monomial expression.
5-3. Divide a polynomial by a monomial
5-4. Find the product of two bionomials mentally.
5-5. Factor differences of squares.
5-6. Find squares of binomials and factor trinomial.
5-7. Factor trinomials in the form x2 + bx +c, whose
quadratic coefficient is 1 and whose constant
term is positive.
5-8. Factor trinomials in the form x2 + bx + c, whoes
quadratic coefficient is 1 and whose constant term
is negative.
5-9. Factor trinomials in the form ax2 + bx + c, whose
quadratic coefficient is greater than 1.
5-10. Factor a given polynomial by grouping.
5-11. Factor any polynomial completely.
5-12. Solve polynomial equations by factoring.
5-13. Solving word problems with quadratic equations.
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